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ABSTRACT 
 
The objective of this study is to investigate land-use changes and water quality trends 
within the headwaters of the Alafia River watershed. Water quality data were obtained from the 
Environmental Protection Commission of Hillsborough County (EPCHC). Eleven water quality 
parameters selected for analysis included: temperature (˚C), dissolved oxygen (DO), percent 
saturation of DO, conductivity, pH, total phosphorous (TP), total nitrogen (TN), ammonium, 
chlorophyll-a (uncorrected), fecal coliforms, and enterococci. ArcMap® & SWFWMD data were 
used to map EPCHC sampling stations, calculate contributing watershed size, and determine 
land-use changes over the course of the sampling period; 17 stations were chosen for this 
study. The annual average for each of the water quality parameters was calculated along with a 
Mann-Kendall Trend Analysis in order to determine if any of the observed trends were 
statistically significant. A non-parametric Kendall’s tau-b correlation and stepwise multiple linear 
regression tests were conducted in SPSS to determine if any statistically significant 
relationships between water quality data, land-use and basin size exist.  
The land-use results showed every basin consisted of some percentage of Low Density 
Residential, Cropland & Pastureland, Reservoirs, and Streams & Lake Swamps. In addition, no 
basin comprised of more than 20% wetlands and often it appears urbanization was at the 
sacrifice of agricultural lands, as opposed to wetlands. The trends in water quality showed eight 
of the 17 basins had at least one statistically significant trend. Analysis of the data used for this 
study has shown instances where water quality measurements were in violation of state 
standards. Changes in water quality can be statistically related to changes in land-use and 
basin size as both the correlation and the regression showed consistent relationships between 
vi 
 
several LULC types and water quality parameters: increases in Commercial & Services causes 
increased nutrients (TP and TN); Cropland & Pastureland causes decreased DO and DO% 
Saturation; increases in Tree Crops causes a decrease in pH; increasing Other Open Lands 
Rural causes a decrease in temperature; and increases in Shrub & Brushland cause decreases 
in conductivity and pH. As these relationships are based on the results from both analyses, it 
would seem that these relationships are the most reliable, and are key results of the study. 
These key relationships might be areas that future water resource managers may want to focus 
on in order to more efficiently improve or regulate water quality within headwater streams. 
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INTRODUCTION 
 
Rivers are strongly influenced by their surrounding watershed at multiple scales (Allan et 
al., 1997; Fausch et al,. 2002; Schlosser, 1991; Townsend et al., 2003). As precipitation 
accumulates on the surface, it begins to flow over land where it accumulates particulates and 
matter from the land and this surface runoff can be an important source of non-point source 
pollution (Tong & Chen, 2002). The composition of surface runoff will be affected by the various 
land-use types and consequently the different vegetative cover present as these surfaces have 
variable characteristics such as hydrologic cycle and temperature, impacted through 
evapotranspiration, interception, infiltration, and percolation (LeBlanc et al., 1997). According to 
Gburek and Folmar (1999), due to these land-use/run-off interactions there is a strong 
relationship between land-use types and the quantity and quality of water. Bolstad and Swank 
(1997) found changes in water quality variables to be related to land-use change in North 
Carolina. Chang (2008) found that anthropogenic activities greatly degraded water quality in the 
downstream sections of major rivers as a result of cumulative effects from upstream 
development and in small tributaries with inadequate wastewater treatment facilities. Land-use 
changes are one of the main factors impacting the hydrological cycle (Tong & Chen, 2002) due 
to altered runoff (Mander et al., 1998) and is therefore one of the most important factors 
determining water quality (Allan & Flecker, 1993). 
Urbanization and associated urban sprawl increase impervious surfaces from roads, 
parking lots and buildings that can significantly affect the environment through habitat 
degradation and altered local and regional climate (Xian & Crane, 2005). Increased impervious 
surfaces result in higher volumes of surface runoff, decreased groundwater recharge and 
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stream base flow (Khare et al., 2012). The streams are classified as being impaired if their 
watersheds have greater than 10% impervious surface (Schueler, 1994). 
The “urban stream syndrome’’ characterizes the results of stream degradation within 
urban settings including: rapidly changing discharge, increased nutrients, pollutants, 
sedimentation, denitrification, reduced base flow, and altered channel morphology and 
ecological structure and function (Atasoy et al., 2006; Walsh et al., 2005). Urban streams tend 
to be flashier, meaning more frequent and larger flow events. As a result of increased 
impervious surfaces and piping, the volume and transport rate of runoff increases (Walsh & Roy 
et al., 2005). Even low intensity catchment urbanization can increase nutrient and pollutant 
concentrations of urban streams (Walsh et al., 2005). As land-use changes from rural to urban, 
construction and erosion increase the amount of sediment entering watershed streams. This 
clogs streams, increases turbidity, decreases light penetration and photosynthesis (Atasoy et 
al., 2006). Excess sediment damages respiratory organs in fish and interferes with spawning 
(Atasoy et al., 2006). Thus, total suspended solids (TSS) can be an effective indicator of 
urbanization and its potential adverse effects. Urban streams have higher sediment 
denitrification rates and remove less NO3-N compared to forested streams (Inwood et al., 2005). 
Environments developing anaerobic conditions such as stormwater control structures, drainage 
ditches, and other man-made structures may act as denitrification “hot spots” (Walsh et al., 
2005). Humans often interfere with natural stream channels through engineering, generally 
straightening or lining them with impermeable surfaces which are a universal component of the 
urban stream syndrome. This engineering of channels creates habitat homogeneity thereby 
reducing stream habitat complexity (Walsh et al., 2005). 
Forested watersheds tend to have lower concentrations of sediment and nutrients than 
either urban or agricultural watersheds; likely because riparian zone deforestation is a common 
result of urbanization (Nagy et al., 2011; Walsh et al., 2005). The riparian zone is an integral 
part of the stream ecosystem, thus affecting multiple aspects of stream ecology (Pusey & 
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Arthington, 2003). It provides shade, which regulates water temperature and affects light 
quantity and quality, all critical factors for photosynthesis and plant growth (Pusey & Arthington, 
2003). Without a riparian forest, the amount of UVB light reaching the stream increases greatly 
and affects fish communities (Pusey & Arthington, 2003). The riparian forest helps capture 
sediments, inhibits erosion, and acts as a food source by providing organic matter in the form of 
leaf litter, wood, and small terrestrial organisms (Pusey & Arthington, 2003). The loss of a 
riparian forest can severely impact the stream ecosystem and its restoration is difficult (Walsh et 
al., 2005).  
 During the 1960s, Florida’s population growth rate peaked at 70% and fell to 9% 
between 2000-2005, but will potentially rise to 30% between 2005-2060 (White & Crisman, 
manuscript in preparation). One of the fastest growing areas in Florida is the Tampa Bay region 
which experienced most of its urban development during the latter part of the 20th Century 
(Khare et al., 2012) leading to adverse impacts to the natural landscape (Xian & Crane, 2005). 
The area has experienced continuous development since the 1800s with impervious surfaces 
increasing threefold between 1991 and 2002 and is estimated to encompass 38% of total 
watershed by 2025 (Xian & Crane, 2005). In 1970, only 7 headwater streams were surrounded 
by urbanization; by 2005, 206 headwater streams experienced urbanization (White & Crisman, 
manuscript in preparation). According to Xian & Crane (2005), much of the future low-density 
development of the Tampa Bay watershed will likely occur within the Hillsborough and Alafia 
River sub-watersheds along the I-4 corridor east of Tampa, north/northeast of Tampa, and 
south along the east coast of Tampa Bay. Approximately 400 km2 of land has a 90% probability 
of developing into low-density urban cover by 2025 (Xian & Crane, 2005). 
When studying the impact of urbanization within the Alafia River watershed for the 
period 1974-2007, Khare et al. (2012) suggested that the extent and distribution of this land-use 
type can provide a qualitative assessment of water quality based on examination of trends in 
flow and water quality of high-order streams. Five of their six stream stations drained greater 
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than 100 km2 and their water quality parameters were either negatively correlated or failed to 
display trends related to discharge. They did not find any clear correlation between increased 
urbanization of the area and stream water quality. 
The objective of the current study is to investigate water quality trends in relation to land-
use change over time at the headwater scale within the Alafia River watershed. Previous 
research has conducted similar investigations, but this study will look at a more detailed scale 
by using smaller basins and a more detailed land-use scale in hopes that trends and 
correlations are more apparent. This study will analyze multiple headwaters of the Alafia River 
watershed to address the following questions: 1) What land-use/land cover (LULC) changes 
occurred in the headwaters of the Alafia? 2) Are water quality trends apparent within the 
headwaters of the Alafia? 3) Are there statistically significant relationships between changes in 
land-use, water quality parameters, and basin size? The hypothesis for this study is that water 
quality trends and relationships between land-use and water quality are more apparent within 
headwater streams. 
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STUDY AREA 
Tampa Bay is one of the largest open-water estuaries in the southeastern U.S. at ~1030 
km2 with a watershed of ~6600 km2 extending into six counties: Pinellas, Hillsborough, Manatee, 
Pasco, Polk, and Sarasota (Xian & Crane, 2005) (Figure 1). The watershed has four main fresh 
surface-water sources:  Hillsborough, Alafia, Little Manatee, and Manatee Rivers (Xian & Crane, 
2005). Together, the Hillsborough and Alafia River watersheds comprise ~45% of the Tampa 
Bay watershed, 27.7 and 17.3%, respectively (Khare et al., 2012). 
 
Figure 1. The Tampa Bay region. 
Average annual precipitation for the Tampa Bay region is 1300 mm. A summer rainy 
season occurs from June to September characterized by afternoon thunderstorms and 
occasional tropical storms (Khare et al., 2012; Schmidt et al., 2004). Rainfall from July to 
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September averages ~500 mm. In addition, February and March are subject to northwestern 
frontal systems that may provide secondary rainfall peaks during these winter months (Schmidt 
et al., 2004).  
 The study area, Alafia River watershed, drains ~1,093 km2 of the total Tampa Bay 
catchment basin and lies within Polk and Hillsborough counties (Aragon, 2009) (Figure 2). The 
Alafia River is considered a Class III water, requiring it to meet standards that allow for safe 
recreation and support a healthy wildlife population (Khare et al., 2012; FDEP, 2014). The main 
tributaries to the Alafia River are the North and South Prongs which comprise 80% of the river’s 
discharge, and Bell, Turkey, and Fishhawk Creeks are minor tributaries that discharge near the 
river mouth. The Alafia River is also spring fed from Lithia and Buckhorn Springs which together 
form much of the river’s discharge during the dry season. The river also traverses the Bone 
Valley formation, an extensively mined, phosphate-rich geological formation (Khare et al., 
2012). Mining, agriculture and urban development are the predominant land-use types within 
the Alafia watershed; mining in the east, agriculture in the south, and urbanization in the north 
(FDEP, 2014).  
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Figure 2. The Tampa Bay region with the Alafia River watershed. 
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METHODS 
Water Quality  
The Environmental Protection Commission of Hillsborough County (EPCHC) has 
collected water quality data within the Tampa Bay watershed for the past 30 years (EPCHC, 
2013). Water quality samples are taken monthly or quarterly for each station. These data were 
obtained from EPCHC to conduct an initial assessment of the available data including length of 
sampling period, frequency of sampling, and monitored parameters for individual stations 
(Figure 3).  
 
Figure 3. The Alafia River watershed with all EPCHC sampling stations. 
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This study selected 17 sampling stations that had drainage areas under 50 km2, and 
most stations were sampled quarterly or twice yearly (Figure 4, Figure 5, & Figure 6). Basins 
541 and 543 overlap as do basins 573 and 575; this reflects small areas whose drainage could 
not be clearly assigned to a single basin.  
 
Figure 4. All EPCHC sampling stations and the 17 chosen stations with upstream contributing 
basins. Note: 543 & 541 overlap and 575 & 573 overlap. 
 
 
10 
 
Figure 5. The size (km2) of each upstream contributing basin for the selected EPCHC sampling 
stations. 
 
 
Figure 6. Total number of sampling events each year per basin.  
 
EPCHC water quality data were assembled for each selected station. The study period 
for each station is the first year that water quality sampling began (2005; except for station 151, 
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which data dates back to 1991) to 2011 as it is the most recent LULC dataset available at this 
time (Figure 6).  Not all parameters were sampled at each station and/or for the entire study 
period. Parameters selected for analysis included: temperature (˚C), dissolved oxygen (DO), 
percent saturation of DO, conductivity, pH, total phosphorous (TP), total nitrogen (TN), 
ammonium, chlorophyll-a (uncorrected), fecal coliforms, and Enterococci.  
After stations, parameters, and study period were determined, the data needed to be 
prepared for subsequent analysis. The water quality data obtained from EPCHC follow DEP 
guidelines that require use of specific codes outlined in 62.160.700 F.A.C. These codes are 
required when reporting data values that either meet a specified description or do not meet the 
quality control criteria of the laboratory (Appendix A). For a detailed desricption of the data and 
qualifier codes, please see Appendix B.  Because most stations were sampled quarterly, 
samples were not always taken at the same time each year and some years have missing 
sampling events, it was decided to calculate and graph the annual average for each of the water 
quality parameters similar to Khare et. al., (2012) and EPCHC (2000) (Appendix C). 
 In order to determine if any of the observed trends were statistically significant, a Mann-
Kendall Trend Analysis was conducted. This test was conducted using the XL Stat plug-in for 
Microsoft Excel. Statistical significance was determined at p ≤ 0.05. 
 
Land-use 
The mapping program ArcMap® along with data available through the Southwest Florida 
Water Management District (SWFWMD) were used to map EPCHC sampling stations, calculate 
contributing watershed size and determine land-use changes over the course of the sampling 
period. A shapefile was created for all EPCHC sampling stations for the Alafia River watershed 
to assess their landscape location, proximity to main tributaries and dispersal across the entire 
watershed (Figure 4). Existing Alafia River sub-basin data were obtained from the SWFWMD 
which was then used to delineate the up-stream contributing basin for each EPCHC sampling 
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station. The SWFWMD sub-basin layer consisted of smaller basins that were analyzed for 
direction of surface flow, these smaller basins upstream of sampling stations were combined to 
create the “station basin” or basin # and the area of each contributing watershed was then 
calculated (Figure 4 & 5). 
For each station basin, LULC data were obtained from the SWFWMD for the first year 
that water quality sampling began to 2011 as it is the most current dataset available at this time. 
LULC is based on the Florida Land-use, Cover and Forms Classification System by the State of 
Florida Department of Transportation (FDOT, 1999) (Appendix D). It is classified into categories 
based on increasing spatial resolution: Level I being the coarsest resolution where one 
centimeter represents 10 kilometers, used commonly for very large areas such as statewide and 
Level IV being the most specific where one centimeter represents 0.06 kilometers. 
For this study, the LULC for each station basin was calculated at Level III where one 
centimeter represents 0.24 km. This allowed LULC to be broken down into more specific 
classifications such as Low Density Residential (LULC 110), Row Crops (LULC 214), or Pine 
Flatwoods (LULC 411) as opposed to more general LULC types such as urban, agriculture, or 
vegetation cover. Level III data were also used because at the more general Level I scale, 
Urban and Built Up (LULC 100s) includes land-use types Residential, Commercial, Industrial, 
Extractive, and Reclaimed Land. Using Level III data will allow for a more in-depth look at any 
potential correlations between specific land-use types and water quality parameters. Previous 
research used LULC Level I classification (Aragon, 2009; Khare et al., 2012). LULC percent 
cover (km2) for initial and final sampling years was calculated then the change in percent cover 
for each land-use type in each station basin was measured using the formula:  (2011 LU km2) – 
(Initial LU km2) = (Change in LU km2) / (Total Basin Area km2) x 100%, where LU is land-use 
(Appendix E & F). 
 
13 
 
Kendall’s tau-b Correlation 
The non-parametric Kendall’s tau-b correlation test was conducted in SPSS to determine 
if any statistically significant relationships between water quality data, land-use and basin size 
might exist. It is important to note that since there were two years of LULC data represented in 
this study (initial and final year), each LULC type for each year was paired with the 
corresponding annual averages for each water quality parameter (Appendix H).   
Multiple Linear Regression 
 The last step was to conduct a multiple linear regression in SPSS to determine 
statistically significant variables in the relationship between water quality, land-use, and basin 
size (Appendix I). Values of r2 close to 0 indicate that the model is weak, while values close to 
±1 indicate a strong model (Schutt, 2006). Similar to the correlation; annual water quality 
averages from the initial and final year were run against the initial and final year of LULC data.  
However, upon an initial investigation, it was decided to remove several land-use types because 
they had five or less observations and were causing erroneous values within the models.  A 
model for each dependent water quality parameter was developed using the stepwise selection 
method for the regression formula.  As such, the number of independent land use variables in 
each model may vary, but each model follows the formula: y = α + βX1 + βX2 ... + βXn 
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RESULTS 
Land-use Results 
ArcMap® and data collected from the SWFWMD was used to map the EPCHC sampling 
stations, create up-stream contributing basins, calculate basin size, and determine land-use 
changes over the course of the sampling period. Each land-use type was later correlated to 
each water quality parameter and then incorporated into a step-wise regression; both of which 
will be discussed in the water quality section. Each basin consisted of multiple LULC types and 
some basins changed in the percent cover over the study period, while others had relatively little 
to no changes (Appendix E & F). Every basin consisted of some percentage of Low Density 
Residential (LULC 110), Cropland and Pastureland (LULC 210), Reservoirs (LULC 530) and 
obviously Streams and Lake Swamps (LULC 615) (Appendix E). See Appendix D for LULC 
codes and definitions. 
 Urban Land-use Changes 
According to Khare et al (2012), streams are considered impaired if their watersheds 
have greater than 10% impervious surface. In this study, only 3 of the 17 basins had less than 
10% cover of urban types of land-use (LULC 100s & 800s, excluding 160 & 165). Basins 545, 
549, and 550 had 3%, 2%, and 6% total urban land-use, which included Low Density 
Residential (LULC 110), Industrial (LULC 150), and Institutional (LULC 170). During the study 
period, basins 553, 573, and 575 reached or exceeded 50% urban land-use cover. 
  Basins 151, 547, 558, and 575 saw ≥12% change, whereas the remaining basins saw 
little to no change. 
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 Wetland Land-use Changes  
 None of the basins were comprised of more than 20% wetlands (LULC 600s) with 
Basins 545 and 573 containing the most at 18% and 19% respectively. The most prominent 
wetland LULC within the basins was Streams and Lake Swamps (LULC 615) which is logical 
since the study area falls within the Alafia River watershed.  The wetland LULC change for any 
basin was never less or greater than 3.26% within the study area. 
 Agriculture Land-use Changes  
Agriculture (LULC 200s) made up a large percentage (>35%) in eleven of the basins. 
The more prominent agriculture practices comprised of Cropland and Pastureland (LULC 210) 
and Tree Crops (LULC 220) which includes citrus groves and fruit orchards. This land-use 
declined in basins 545, 547 and 558 by 19%, 13%, and 10%, respectively. Basin 553 was the 
only basins to have a gain in agriculture of 1%.  
 Extractive & Reclaimed Land-use Changes 
 Extractive (LULC 160) and Reclaimed Land (LULC 165) were probably one of the more 
interesting land-uses within the study basins because they had some of the greatest changes 
during the study period and appear to have changed from one to the other land-use. For 
example: in 2005 basin 550 had 28% Extractive and 0% Reclaimed Land, but in 2007 Extractive 
was 0% and Reclaimed Land had increased to 28%. This scenario appears to occur for basins 
549, 551, and 552 as well. These basins also had 27% or greater of these land-use types, with 
basins 549 and 550 comprising of greater than 50% Extractive or Reclaimed Land. 
 Upland Land-use Changes 
Uplands (LULC 300s & 400s) made up very little percentage of basins, except for basins 
556, 558, 573, and 575 which ranged from 10% to 30% cover, but saw little change over the 
study period, not more than +/- 5% cover. 
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 Other Land-use Changes 
Open water (LULC 500s) and barren lands (700s) were also of minor importance, never 
being more than 6% of a basin and not changing more than +/- 6%.  
 
Water Quality Results 
17 sampling stations with drainage areas under 50 km2 were analyzed for water quality 
trends and land-use changes. The annual average for each of the following water quality 
parameters were calculated and graphed: temperature (˚C), dissolved oxygen (DO), percent 
saturation of DO, conductivity, pH, total phosphorous (TP), total nitrogen (TN), ammonia, 
chlorophyll-a (uncorrected), fecal coliforms, and Enterococci. In order to determine if any of the 
observed trends were statistically significant, a Mann-Kendall Trend Analysis was conducted. In 
addition, both a Kendall’s tau-b Correlation and a multiple linear regression were conducted to 
explore the relationships between water quality, land-use, and basin size. All raw data can be 
found in Appendix G, H, & I.  Each LULC type for each year was paired with the corresponding 
annual averages for each water quality parameter and basin size, the results can be found in 
Appendix H & I. 
Temperature 
According to the SWFWMD, the average annual temperature for Hillsborough County is 
22.3˚C varying from 32˚C to 9.4˚C. Important for this study, the shallower the waterway, the 
more closely water temperature mirrors surface air temperature (EPCHC, 2000). The sites 
selected for this study are relatively shallow as they are headwater streams; therefore, we 
expect that the average annual water temperature be similar (SWFWMD, 2005). Basins 541, 
542, 543, 546, 547, 573, and 575 have very similar trends with temperature alternating between 
higher and lower temperature years within the expected range (Appendix C). Basins 545, 549, 
550, 551, 552, 553, 556, 557, and 558 have rather stable average annual water temperature at 
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~20˚C, but fluctuate seasonally. The annual average temperature of Basin 541 dropped in 2010 
because all samples were taken during fall and winter months. Basin 151 was the only basin to 
have a statistically significant trend in average annual temperature. 
Significant trend(s). Basin 151 had a negative trend with a mean annual temperature 
21.9˚C, ranging between 20.9˚C and 23.6˚C. While Basin 151 saw a decrease in temperature 
during the study, the largest land-use changes were a 20% decrease in Extractive (LULC 160), 
a 13% increase in Reclaimed Land (LULC 165), and a 10% increase in Residential Low Density 
(LULC 110). It has been found in many studies that water temperatures increase with 
urbanization (Kinouchi et al. 2007; Nelson & Palmer, 2007; Webb et al., 2008; Xin & Kinouchi 
2013), due to the removal of vegetative shade from the banks of streams thereby increasing 
solar radiation influx and elevating water temperatures. Considering this relationship, it is 
interesting that other basins that became more urban did not show statically significant 
negatives trends as well. 
Correlation analysis. However, a correlation analysis between the water quality 
parameters and land-use from all 17 basins showed annual average water temperature was 
positively correlated with Cropland & Pastureland (LULC 210) but negatively with Other Open 
Lands Rural (LULC 260). It is to be expected that increasing Cropland & Pastureland would 
increase water temperature as the natural riparian shade has been removed (Pusey & 
Arthington, 2003). This was supported by the data, as Basin 151 showed the only statistically 
significant trend in water temperature (a decrease) and did in fact decrease in Cropland & 
Pastureland. Basin 151 saw a 13% decrease in Cropland & Pastureland over the study period.   
Multiple Regression. A multiple regression analysis revealed that for every percent 
increase in Other Open Lands Rural (LULC 260) it causes a 0.284˚C decrease in temperature. 
This model explains 34.4% of the variation in temperature. This model reinforces the negative 
correlation found between Other Open Lands Rural and temperature. More perplexing is the 
lack of relationships between temperature and most other LULCs.  It is possible that some 
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independent variable is driving the change in water temperature such as surface air 
temperature. Annual average air temperatures have indeed increased in Hillsborough County 
for the last several decades (Alder & Hostetler, 2013) providing an alternative to the LULC. It is 
also possible that while there may be increases in pastureland or other types of open land, the 
riparian vegetation adjacent to the river may be left intact as farming directly along the river is 
unlikely; therefore, riparian temperature may remain intact as well.   
Dissolved Oxygen & % Saturation 
Dissolved oxygen (DO) is primarily created as a byproduct of photosynthesis from 
submerged aquatic vegetation (SAV) and phytoplankton (algae in the water column) as well as 
from the physical interaction of the surface waters with the atmosphere through wind, waves 
and currents (EPCHC, 2014). DO is essential for the survival of fish and invertebrates and is 
therefore one of the most important parameters used for determining the health of a water body 
(EPCHC, 2014). 
DO. Normal DO levels range from 5 – 10 mg/L in a healthy system and are considered 
hyperoxic at high levels, likely due to algae blooms from eutrophic conditions. Generally, 
dissolved oxygen (DO) should not fall below 5 mg/L and conditions are considered hypoxic 
when below 2.0 mg/L (EPCHC, 2000). Basins 545, 550, 551, 552, 553, 557, and 558 have 
relatively stable DO around 6 mg/L (Appendix C) while others fluctuated over the study period. 
The following basins dropped below 5 mg/l during the referenced time period: basin 542 in 
2009, basin 546 in 2008, 547 in 2005 and 2006, basin 549 from 2009 to 2011, basin 556 in 
2008, basin 573 in 2007, 2008, and 2011, and basin 575 in 2006. While basin 549 appears to 
be on a gradual decline in DO, it was not a statistically significant trend. Basin 547 was the only 
basin to have a statistically significant trend in average annual DO. 
DO% saturation. For most of the basins, the DO% saturation fluctuated over the course 
of the study period with basin 547 levels increasing and basin 549 decreasing (Appendix C). 
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However, basin 556 was the only basin to have a statistically significant trend in average annual 
DO% Saturation. 
Significant trends. Basin 547 and 556 had positive trends with a mean annual DO of 
4.8 mg/l, ranging between 3.2 mg/l and 6.4 mg/l and a mean of 64.5% saturation, ranging 
between 38.5% and 74.8%, respectively.  While Basin 547 saw an increase of DO mg/l during 
the study, the largest land-use changes were a 16% decrease in Tree Crops (LULC 220) and a 
10% increase in Industrial (LULC 150). The largest change in LULC within Basin 556 was an 
8% decrease in Tree Crops (LULC 220). The decrease in agricultural practices may be the 
cause for the improvement in DO as increases in agricultural practices has been known to 
decrease DO due to an increase in nutrients (Hoorman et al., 2008; FDEP, 2013). While these 
individual sub-basins may not be impaired with respect to low DO levels, the Florida Department 
of Environmental Protection determined the Alafia River is impaired for dissolved oxygen 
(FDEP, 2014). 
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average DO is positively correlated to Residential 
Medium Density (LULC 120) and Nurseries & Vineyards (LULC 240), but negatively correlated 
to Cropland & Pastureland (LULC 210), Pine Flatwoods (LULC 410) and Freshwater Marshes 
(LULC 641). Annual average DO% saturation had the same correlations which helps validate 
the research methods of this study as these water quality parameters should be the same. The 
basins with statically significant trends in DO and DO % Saturation did not have any major 
changes in the types of land-use that would support this correlation. 
It is to be expected that increasing Pine Flatwoods should increase DO as gasses are 
more soluble at colder temperatures, so DO tends to be higher at colder temperatures (EPCHC, 
2014) and increases of forest are usually related to better water quality (Tu, 2011). It is also to 
be expected that increasing Cropland & Pastureland would decrease DO, but this should also 
occur for Nurseries & Vineyards as they are both considered agricultural practices and are a 
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source for excess nutrients and pesticides (Hoorman et al., 2008; FDEP, 2013). In addition, 
increasing Residential Medium Density should also decrease DO as Tu (2011) found that DO 
had a significant negative correlation with the percentage of urban land, likely due to the excess 
fertilizer application and increased run-off from impervious surfaces (Atasoy et al., 2006). Land 
uses with higher anthropogenic interactions such as urban or farmlands tend to have higher 
concentrations of pollutants from automotive and pesticide use (Tu, 2011; Hoorman et al. 2008) 
and these excess nutrients can lead to decreased DO (FDEP, 2013). 
Multiple regression. A multiple regression analysis revealed that for every percent 
increase in Institutional (LULC 170) it causes a 0.184 mg/L increase in DO and for every 
percent increase in Cropland & Pastureland (LULC 210) it causes a 0.040 decrease in DO. This 
model explains 30.3% of the variation in DO. This model reinforces the negative correlation 
found between Cropland & Pastureland and DO.  In addition, the multiple regression analysis 
for DO% Saturation found similar and supporting results (Appendix I). 
Conductivity 
Conductivity is the measure of how well an electrical current is conducted through water. 
Headwaters tend to have lower specific conductance, but increase downstream where 
freshwater begins to mix with estuarine water. Conductivity can also increase due to the 
sediments within the runoff from the surrounding watershed as well as inputs from natural 
springs (EPCHC, 2014).  
Specific Conductivity should not increase more than 50% above background values or to 
1275 umho/cm, whichever is greater (62-302.530, F.A.C.) and inland fresh water streams 
supporting good mixed fisheries have a range between 150 and 500 µmhos/cm (U.S. EPA, 
2012). Overall, conductivity ranges between 100 and 400 umho/cm (Appendix C), therefore, all 
basins appear to be meeting the state water quality criteria for specific conductivity and would 
support good fisheries. Basins 547, 553, 558, 573 appear to have increasing conductivity and 
21 
 
basin 541 has decreasing conductivity. However, basins 551, 553, and 558 were the only 
basins to have a statistically significant trend in average annual conductivity.  
 Significant trend(s). Basin 551 had a positive trend with an annual mean of 318.1 
umho/cm, ranging between 223.5 and 367.7 umho/cm. While Basin 551 saw an increase in 
conductivity during the study, the largest land-use changes were a 53% decrease in Extractive 
(LULC 160) and a 51% increase in Reclaimed Land (LULC 165), all other land-use changes 
were not more than a ±2% change.  
Basin 553 had a positive trend with an annual mean of n annual mean of 259.5 
umho/cm, ranging between 224.0 and 285.3 umho/cm. While Basin 553 saw an increase in 
conductivity during the study, the largest land-use changes were a 5% increase in Other Open 
Lands Rural (LULC 260) and a 4% and 1% decrease in Tree Crops (LULC 220) and Pine 
Flatwoods (LULC 411). A reduction in riparian vegetation could lead to an increase in sediments 
and chemicals within the stream (Lowrance et al., 1984). 
Basin 558 had a positive trend with an annual mean of 214.2 umho/cm, ranging between 
159.5 and 300.0 umho/cm. While Basin 558 saw an increase in conductivity during the study, 
the largest land-use changes were a 10% decrease in Cropland & Pastureland (LULC 210) and 
a 16% increase in total residential density (7% low, 5% medium, and 4% high density). 
Urbanized watersheds are known to have increase pollutant concentrations even at low 
intensity urbanization (Walsh et al., 2005). 
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average conductivity was positively correlated to 
Commercial & Services (LULC 140) and Emergent Aquatic Vegetation (LULC 644), but 
negatively correlated to Shrub & Brushland (LULC 320), Upland Coniferous Forests (LULC 
410), Pine Flatwoods (LULC 411), and Utilities (830). It would be expected that increased 
Commercial & Services would lead to an increase in conductivity (Conway, 2007) due to the 
urbanization and potential for increased pollutants in the runoff (Tong & Chen, 2002; U.S. EPA, 
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2012). However, this should also apply to Utilities, which it does not. Clinton & Vose, (2006), 
found conductivity in urban streams to be nearly double than forested streams. Conversely, it is 
to be expected that an increase in Shrub & Brushland, Upland Coniferous Forests, and/or Pine 
Flatwoods would lead to a decrease in conductivity as these vegetated land-use types would 
help filter and prevent nutrients and chemicals from entering the stream (Lowrance et al., 1984). 
Data from Basin 553 does support this correlation, as over the study period it saw a decrease in 
Pine Flatwoods and an increase in conductivity. 
Multiple regression. A multiple regression analysis revealed that for every KM2 increase 
in basin size it causes a 5.975 umho/cm increase in conductivity, for every percent increase in 
Reclaimed Land (LULC 165) it causes a 1.653 umho/cm increase, for every percent increase in 
Shrub & Brushland (LULC 320) it causes a 45.780 decrease, and for every percent increase in 
Freshwater Marshes (LULC 641) it causes a 22.210 increase in conductivity. This model 
explains 75% of the variation in conductivity (Appendix I).  This model reinforces the negative 
correlation found between Shrub & Brushland and conductivity, but interestingly doesn’t include 
most of the land-use types identified in the correlation. As the regression is a stronger analytical 
tool this relationship was reinforced, but once other factors were controlled for many of the other 
land-use types that showed a significant correlation were ultimately eliminated once controlling 
for other factors.  
 
 pH   
pH can be affected by anthropogenic factors such as the accidental release of acidic 
wastewaters from a phosphate mine or from natural processes such as photosynthesis. 
Photosynthesis by plankton and SAV take up dissolved CO2 from the water which results in an 
increase in pH; thus, high pH values are often associated with algal blooms (EPCHC, 2014). 
The 2003 Florida Administrative Code (F.A.C.) 62-302.530 states that pH should not be 
lower than 6 units or greater than 8.5 units in Class III fresh waters. Headwater streams tend to 
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be more acidic (pH of 6.5) due to leaching tannins and organic acids from surrounding land 
cover (EPCHC, 2000). Basins 151, 541, 543, 549, and 551 range between pH 7 and pH 8 and 
basins 542, 545, 546, 550, 553, and 556 range between pH 6 and pH 7.5 (Appendix C). Basins 
151, 543, 545, 547, and 550 appear to have increasing pH over the study period. However, 
basins 151, 543, 545, 547, and 553 were the only ones to have a statistically significant trend in 
average annual pH.  
Significant trend(s). Basins 151 had a positive trend with a mean annual pH of 7.5, 
ranging between 7.2 and 7.9. While Basin 151 saw an increase in pH during the study, the 
largest land-use changes were a 20% decrease in Extractive (LULC 160), a 13% increase in 
Reclaimed Land (LULC 165), and a 10% increase in Residential Low Density (LULC 110). 
Basin 543 had a positive trend with an annual mean of 7.4, ranging between 7.2 and 7.7.  
While Basin 543 saw an increase in pH during the study, the largest land-use changes were a 
16% decrease in Cropland & Pastureland (LULC 210), an 11% decrease in Tree Crops (LULC 
220), a 20% increase in Extractive (LULC 160) and a 10% increase in Other Open Lands Rural 
(LULLC 260). 
Basin 545 had a positive trend with an annual mean of 6.9, ranging between 6.4 and 7.3. 
While Basin 545 saw an increase in pH during the study, the largest land-use changes were a a 
16% and 11% decrease in Cropland & Pastureland (LULC 210) and Tree Crops (LULC 220) 
and a 20% and 10% increase in Extractive and Other Open Lands Rural. 
Basin 547 had a positive trend with an annual mean of 7.0, ranging between 6.5 and 7.5. 
While Basin 547 saw an increase in pH during the study, the largest land-use changes were a 
16% decrease in Tree Crops (LULC 220) and a 10% increase in Open Land (LULC 190). 
Basin 553 had a positive trend with an annual mean of 7.2, ranging between 6.9 and 7.5. 
While Basin 553 saw an increase in pH during the study, the largest land-use changes were a 
4% and 1% decrease in Tree Crops (LULC 220) and Pine Flatwoods (LULC 411) and a 5% 
increase in Other Open Lands Rural (LULC 260). 
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Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average pH is negatively correlated to Cropland & 
Pastureland (LULC 210), Tree Crops (LULC 220), Shrub & Brushland (LULC 320), and Pine 
Flatwoods (LULC 411). It is interesting to note that all the Basins with statistically significant 
positive trends in pH had a reduction in Tree Crops and an increase in open land (LULC 190 or 
260). The trends found in these basins support the following correlation data as a reduction in 
riparian vegetation could lead to an increase in sediments and chemicals within the stream 
(Lowrance et al., 1984). It is to be expected that areas with more Tree Crops, Shrub & 
Brushland, and Pine Flatwoods would have a lower pH (Clinton & Vose, 2006) as forested 
areas are usually related to better water quality (Tu, 2011).  
Basins 543 and 545 had a reduction Cropland & Pastureland and increasing pH trends 
which supports the correlation findings. However, it is curious that an increase in Cropland & 
Pastureland would decrease pH because Brion et al. (2011) found increased pH levels in first-
order streams adjacent to grazed pasture. This is because pastureland is subjected to surface 
compaction from animal traffic which increases the runoff of the increased nutrients from animal 
excrement (Brion et al., 2011). Excess nutrients can promote increases in phytoplankton 
blooms, which remove CO2 from the water during photosynthesis, causing the water to become 
more alkaline (Wurts, 2003). In addition, some agricultural practices use “liming” which is the 
spreading of powdered limestone, largely calcium carbonate, on land to reduce soil acidity and 
this is known to also reduce the acidity of nearby streams (Diamond et al., 1992). 
Multiple regression. A multiple regression analysis revealed that for every percent 
increase in Tree Crops (LULC 220) it causes a 0.037 unit decrease in pH; for every percent 
increase in Shrub & Brushland (LULC 320) it causes a 0.138 decrease in pH; for every percent 
increase in Hardwood Conifer Mixed Forrest (LULC 434) it causes a 0.067 decrease in pH; and 
for every percent increase in Wet Prairies (LULC 643) it causes a 0.133 decrease crease in pH. 
This model explains 61.5% of the variation in pH (Appendix I).  This model reinforces the 
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negative correlation found between Tree Crops and Shrub & Brushland and pH, but also 
included two other land-use types. It would be expected that basins with more 
forested/vegetated areas such as Tree Crops, Shrub & Brushland, and Hardwood Conifer Mixed 
Forests and even Wet Prairies would have a lower pH as forested areas are usually related to 
better water quality (Clinton & Vose, 2006; Tu, 2011).  
Total Phosphorous 
Plants take up phosphorus as the inorganic molecule orthophosphate (PO43-), which is 
then passed up through the food web or released back into the environment through bacterial 
decomposition when the plants and animals die and either recycled through the food web or 
deposited in the bottom sediments (EPCHC, 2014). Tampa Bay has large natural deposits of 
phosphate which supports a large phosphate mining and fertilizer industry (EPCHC, 2014). 
These mining practices and fertilizer processing facilities can lead to increased concentrations 
of total phosphorus (EPCHC, 2014).  
According to state regulations (F.A.C. 62-302.530(47)), man-induced nutrient enrichment 
is considered degradation and should not cause a disruption in the natural aquatic flora or fauna 
and phosphorous discharge should be limited to prevent water quality violations. However, in 
order to determine a numeric nutrient criterion (NNC) for a stream in Florida, it is a rather 
arduous process. If site specific criteria pursuant to paragraph 62-302.531(2)(a), F.A.C. (TMDL, 
SSAC, Level II WQBEL or RA Plan) is not already established, then nutrient thresholds are 
used to interpret the NNC in combination with biological information such as changes in 
chlorophyll-a levels, algal blooms, nuisance macrophyte growth, etc. (FDEP, 2013).  The 
nutrient threshold for TP is 0.49 mg/L for west central Florida (62-302.531, F.A.C.). 
Basins 545, 556, 557, and 575 had relatively steady levels of annual average TP below 
0.5 mg/L, but the majority of the basins exceed the recommended nutrient threshold (Appendix 
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C). In basins 549, 552, and 558 annual average TP appears to decline over the study period. 
No basins were determined to have statistically significant trends in annual average TP.  
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average TP had a positive correlation with 
Commercial & Services (LULC 140), Industrial (LULC 150), Feeding Operations (LULC 230), 
and Emergent Aquatic Vegetation (LULC 644), but a negative correlation to Residential Medium 
Density, Residential High Density, and Upland Coniferous Forests. 
It is to be expected that increases in Commercial & Services, Industrial, and Feeding 
Operations would increase TP as phosphate is present in human and animal waste and high 
concentrations can be an indication of sewage effluent or runoff from livestock pastures 
(EPCHC, 2014). Both Commercial & Services and Industrial are considered urban land-use 
types and watersheds with greater impervious cover have exhibited higher concentrations of TP 
(Nagy et al., 2011; Tufford et al., 2003). Feeding Operations are a form of agricultural practice 
and agricultural practices are known to involve the application of fertilizers and manure, both 
usually rich in P and the over-application of these chemicals leads to excess P in runoff 
(Sharpley et al., 1994). Hill (1981) also found positive correlations between phosphorous and 
agriculture in southern Ontario.  
It is expected that increasing Upland Coniferous Forests correlates to a decrease in TP 
as increases of forest are usually related to better water quality (Tu, 2011). Also similar to our 
TN results, TP showed an unexpected negative correlation to Residential Medium Density and 
Residential High Density. These residential land-use types contain impervious surfaces and are 
considered “urban” and are often correlated to increases in nutrients (Tong & Chen, 2002; 
Schoonover & Lackaby, 2006; Tu, 2011; Chang, 2008). An increase in nutrients is usually seen 
due to excess fertilizer application and run-off from impervious surfaces (Atasoy et al., 2006). 
However, Carle et al. (2005) found that other factors such as house age, amount of contiguous 
impervious surface, and stormwater connectivity play a role.  
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TP was also positively correlated to basin size, which makes sense as the larger the 
basin the better opportunity for increased urban impervious surface area or agricultural 
practices which both of these land-use types have been known to increase TP (Sharpley et al., 
1994; Tufford et al., 2003). 
Multiple regression. A multiple regression analysis revealed that for every percent 
increase in Residential Low Density (LULC 110) it causes a 0.794 mg/L increase in TP; for 
every percent increase in Commercial & Services (LULC 140) it causes a 0.358 mg/L increase 
in TP; for every percent increase in Institutional (LULC 170) it causes a 0.104 mg/L increase in 
TP; for every percent increase in Other Open Lands Rural (LULC 260) it causes a 0.101 mg/L 
decrease in TP and for every percent increase in Hardwood Conifer Mixed Forrest (LULC 434) it 
causes a 0.400 mg/L decrease crease in TP. This model explains 80.7% of the variation in TP 
(Appendix I).  This model reinforced the positive correlation found between Commercial & 
Services and TP, but interestingly doesn’t include basin size or most of the land-use types found 
in the correlation. As the regression is a stronger analytical tool this relationship was reinforced, 
but once other factors were controlled for many of the other land-use types that showed a 
significant correlation were ultimately eliminated once controlling for other factors. It would be 
expected that basins with more urban areas and impervious surfaces have increased nutrients 
(Tong & Chen, 2002; Schoonover & Lackaby, 2006; Tu, 2011; Chang, 2008) and 
forested/vegetated areas would have a lower TP as they are usually related to better water 
quality (Tu, 2011) and these findings are supported by the model. 
Total Nitrogen 
Nitrogen is a natural gas that comprises 78% of the atmosphere as N2 which is inert and 
cannot be utilized by most organisms in this form (EPCHC, 2014).  However, nitrogen in its 
other forms is an important and limiting nutrient since usable forms of nitrogen are found in 
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relatively low concentrations in the environment (EPCHC, 2014). The EPCHC water monitoring 
program measures Total Nitrogen (TN) as the sum of TKN + NOx (EPCHC, 2014). 
As with phosphorus, nitrogen concentrations should be limited to prevent eutrophication 
and therefore not lead to water quality violations (62-302.530, F.A.C.).  Nutrient thresholds in 
combination with biological information such as changes in chlorophyll a levels, algal blooms, 
nuisance macrophyte growth, etc. can be used to determine NNC for a stream (FDEP, 2013).  
The TMDL to address the low dissolved oxygen and nutrient impairments for the Alafia River 
above Hillsborough Bay is an annual average TN concentration of 0.65 mg/L (62-304.605, 
F.A.C.). 
 Basins 543, 553, and 557 had the greatest range in annual total nitrogen, ranging 
between 2 and 8 mg/L, which far exceed the recommended nutrient threshold (Appendix C). 
Basins 556, 558, 573, and 575 levels were somewhat stationary at ~1 mg/l. Most of the other 
basins maintained less than 4 mg/l (with some fluctuation) during the entire study period. Basins 
543 and 545 showed slight increases over the study period; however, basins 151 and 545 were 
the ones to have a statistically significant trend in average annual TN.  
Significant trend(s). Average annual TN in basin 151 had a positive trend with an 
annual mean of 1.9 mg/l, ranging between 1.2 mg/l and 2.9 mg/l as did basin 545 with an 
annual mean of 2.7 mg/l, ranging between 1.8 mg/l and 3.7 mg/l. This result indicates that both 
basins during the study period were in violation of state water quality standards.  
While Basin 151 saw an increase in TN during the study, the largest land-use changes 
were a 20% decrease in Extractive (LULC 160), a 13% increase in Reclaimed Land (LULC 
165), and a 10% increase in Residential Low Density (LULC 110). The increased residential 
development has been known to increase TN (Atasoy et al., 2006). 
Basin 545 had a 16% and 11% decrease in Cropland & Pastureland (LULC 210) and 
Tree Crops (LULC 220) and a 20% and 10% increase in Extractive (LULC 160) and Other Open 
Lands Rural (LULC 260). With a total 18% decrease in agriculture types (LULC 200s), it is 
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surprising that Basin 545 had increasing TN as agriculture has been found to increase TN loads 
(Basnyat et al., 1999; Tong & Chen, 2002) due to the over application of fertilizers which lead to 
algae blooms, reduced light penetration, and eventually to low DO and fish kills (EPCHC, 2014). 
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average TN was positively correlated to Commercial 
& Services (LULC 140), but negatively correlated to Residential High Density (LULC 130), 
Reclaimed Land (LULC 165), and Upland Coniferous Forests (LULC 410).  Though the 
correlation for the entire study area of 17 basins was negative between Reclaimed Land and 
TN, data from basin 151 does not support this, as over the study period it saw an increase in 
both Reclaimed Land and TN.   
Similar to the TP results of this study, it is expected that increasing Upland Coniferous 
Forests correlates to a decrease in TN as increases of forest are usually related to better water 
quality (Tu, 2011). It is also expected that increasing Commercial & Services would increase TN 
(Tong & Chen, 2002).  However, it should also be expected to increase with increasing 
Residential High Density and Reclaimed Land as Atasoy et al. (2005), found a positive 
correlation between increased residential development and increased TN and TP which was not 
found in this study. This is due to the cumulative effects of increases in impervious surfaces 
such as it occurs with residential and commercial land-use (Chang, 2008). These urban areas 
act as non-point source pollution by introducing anthropogenic constituents into runoff.  
It could be that since the Clean Water Act of 1972, new developments are required to 
collect all stormwater runoff in an engineered retention or detention pond, which is designed to 
attenuate and treat the stormwater runoff in order to reduce the amount of nutrients and 
pollutants prior to discharging into natural systems. Interestingly, Williams et al. (2005) found 
that TN and TP had no significant correlations with urban land in the Ipswich River watershed of 
Massachusetts. It is also interesting that no correlation between TN and agriculture was found 
as other studies have (Basnyat et al., 1999; Tong & Chen, 2002). The results between TN and 
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TP are similar since any practice that might be contributing to one is likely to impact the other. 
Eutrophication through excess nitrogen and phosphorous is the most common water quality 
impairment in the U.S. (U.S. EPA, 1990). 
While TP was positively correlated to basin size, this study did not find a correlation 
between TN and basin size. This lack of relationship might be explained from TP having shown 
positive correlations to Industrial (LULC 150) and Feeding Operations (LULC 230), where TN 
did not, which both of these land-use types have been known to increase nutrients (Tong & 
Chen, 2002; Nagy et al., 2011). 
Multiple regression. A multiple regression analysis revealed that for every percent 
increase in Residential Low Density (LULC 110) it causes a 0.039 mg/L increase in TN; for 
every percent increase in Commercial & Services (LULC 140) it causes a 0.552mg/L increase in 
TN; for every percent increase in Institutional (LULC 170) it causes a 0.167 mg/L decrease in 
TN; for every percent increase in Other Open Lands Rural (LULC 260) it causes a 0.078 mg/L 
increase in TN and for every percent increase in Hardwood Conifer Mixed Forrest (LULC 434) it 
causes a 0.156 mg/L decrease crease in TN. This model explains 65.3% of the variation in TN 
(Appendix I).  This model reinforced the positive correlation found between Commercial & 
Services and TN, but interestingly doesn’t include most of the land-use types found in the 
correlation. As the regression is a stronger analytical tool this relationship was reinforced, but 
once other factors were controlled for many of the other land-use types that showed a 
significant correlation were ultimately eliminated once controlling for other factors. It would be 
expected that basins with more Residential Low Density and Commercial & Services would 
increase TN and is curious that Institutional did not share the same relationship (Tong & Chen, 
2002; Atasoy et al., 2006). 
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Ammonia 
Ammonia (NH3) is created through a process called nitrogen fixation in which 
Cyanobacteria convert N2 into ammonia (NH3) (EPCHC, 2014). Other bacteria can then 
metabolize ammonia to form nitrite (NO2-) and then nitrate (NO3-) which can then be taken up 
by phytoplankton and SAV and then enter the food web (EPCHC, 2014). Ammonia forms the 
ion ammonium (NH4+) in water (EPCHC, 2014). 
Ammonia should be less than 0.02 mg/l, according to Criteria for Surface Water Quality 
Classifications (62-302.530, F.A.C., 2003). Annual average ammonia fluctuated throughout the 
study period (Appendix C). The majority of the basins appear to exceed the state standard with 
the highest amount of ammonia having reached 0.13 mg/l in basin 557 in 2005. Basins 545, 
547, and 549 appear to be increasing since 2008, but no basin was found to have statistically 
significant trends. 
Correlation analysis. However, a correlation analysis between the water quality 
parameters and land-use from all 17 basins showed annual average ammonia is negatively 
correlated to Residential High Density (LULC 130) and Lakes (LULC 520). This contradicts with 
Tufford et al. (2003) who found that ammonia was greater in urban streams. Ammonia toxicity 
increases as temperature and pH rises (Wurts, 2003), which occurs in urban streams as the 
riparian zone is removed during urbanization (Nelson & Palmer, 2007; Conway, 2007).  It is 
possible that our results are not the best representation of the highest possible ammonia values 
as NH3 is best measured in the late afternoon since it is a by-product of metabolism and multiple 
samples were taken in the mornings or early afternoon (Wurts, 2003). 
Multiple regression. A multiple regression analysis revealed that for every percent 
increase in Upland Coniferous Forests (LULC 410) it causes a 0.041 mg/L decrease in 
ammonia; for every percent increase in Wet Prairies (LULC 643) it causes a 0.018 mg/L 
increase in ammonia. This model explains 31.6% of the variation in ammonia (Appendix I).  This 
model does not reinforce the correlations found between land-use and ammonia, but since the 
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regression is a stronger analytical tool these relationships are likely more accurate due to the 
controlling of other factors. The model makes sense as it would also be expected that increases 
in Upland Coniferous Forests would decrease ammonia as increased shading would lead to 
decreases in temperature, thereby lowering ammonia levels (Wurts, 2003; Nelson & Palmer, 
2007; Conway, 2007). 
Chlorophyll-a (Uncorrected) 
Chlorophyll-a (chl-a) is the predominant form of chlorophyll in aquatic systems and is 
used to quantify the amount of phytoplankton in the water because phytoplankton reproduces 
rapidly when there is excess nutrients available (eutrophication), therefore high chl-a values 
indicate eutrophic conditions (EPCHC, 2014). Streams with annual mean chlorophyll-a 
(corrected) concentrations greater than 20 ug/l are automatically considered impaired by the 
state of Florida (62-303.351(2), F.A.C.). 
Average annual chl-a levels were variable throughout the basins during the study period 
(Appendix C).  Seven basins had peaks in 2008, but interestingly, NOAA records the previous 
year’s precipitation below average and is one of the lowest annual rainfall years during the study 
period (Figure 7). Perhaps low rainfall in a preceding year leads to algal blooms the following 
year; this may be cause for further research. Only basins 151 and 558 had statistically 
significant trends in average annual chlorophyll-a. 
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Figure 7. Annual average precipitation in Tampa, Florida. 
 
Significant trend(s). Basin 151 had a positive trend with an annual mean of 3.1 mg/l, 
ranging between 0.56 mg/l and 10.9 mg/. Interestingly, basin 151 also had elevated TN levels 
which could increase chl-a over the study period. While Basin 151 saw an increases in TN and 
chl-a during the study, the largest land-use changes were a 20% decrease in Extractive (LULC 
160), a 13% increase in Reclaimed Land (LULC 165), and a 10% increase in Residential Low 
Density (LULC 110). The increased residential development has been known to increase TN 
which can lead to increased chl-a values (EPCHC, 2000; Atasoy et al., 2006)  
Basin 558 had a negative trend with an annual mean of 1.7 mg/l, and going from 2.4 
mg/l down to 1.5mg/l.  While Basin 558 saw a decrease in chl-a during the study, the largest 
land-use changes were a 10% decrease in Cropland & Pastureland and a 16% increase in 
combined residential density (low, medium, high). This is interesting as urban and agriculture 
are known to be related to increases in nutrients and thus chl-a (Tong & Chen, 2002; Pusey & 
Arthington, 2003; Atasoy et al., 2006; Walsh et al., 2005). Perhaps, the decrease in Cropland & 
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Pastureland had a greater effect on the water quality than the increase in the Residential (Low, 
Medium, and High Density. 
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average chl-a had no statistically significant 
correlations.  
Multiple regression. However, a multiple regression analysis revealed that for every 
percent increase in Other Open Lands Rural (LULC 260) it causes a 1.410 ug/L decrease in chl-
a; for every percent increase in Wet Prairies (LULC 643) it causes a 1.625 ug/L increase in chl-a 
and for every percent increase in Emergent Aquatic Vegetation (LULC 644) it causes a 78.886 
ug/L increase in chl-a. This model explains 87.3% of the variation in chl-a (Appendix I).  Chl-a is 
often used as a water quality indicator since they are an indirect measurement of the planktonic 
algae within the water body and because they respond quickly to environmental changes: 
temperature, light, and nutrients (EPCHC, 2000). Therefore, it is interesting that the model 
shows increases in chl-a with increases in natural wetland land-use types as opposed to urban 
land-uses as it would be expected that chl-a should be negatively correlated to land use types 
known to increase temperature and nutrients such as urban and agriculture (Tong & Chen, 
2002; Pusey & Arthington, 2003; Atasoy et al., 2006; Walsh et al., 2005). Also, The Florida 
Department of Environmental Protection determined the Alafia River is impaired by chlorophyll-a 
(FDEP, 2014). The results for chl-a could be less reliable as there were only 19 samples taken 
during the 10-year study period, meaning only about 2 samples per year. 
Fecal coliforms & Enterococci 
Fecal coliforms and enterococci bacteria are found in all mammals and birds and can 
therefore indicate exposure to human sewage from wastewater treatment plants or faulty septic 
systems, runoff contaminated with domestic or agricultural animal feces, or even bird rookeries 
therefore, it is an important measure of water quality and public health and safety (U.S. EPA, 
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1997; EPCHC, 2014). The bacteria are filtered from a water sample, grown on growth media, 
incubated for 24 hours, and then the colonies are expressed as number of colony forming units 
(cfu) per 100 mL (EPCHC, 2014).  
Fecal coliforms. Fecal coliforms should not exceed a monthly average of 200 
cfu/100ml, or 800 cfu/100ml in one day (62-302.530, F.A.C., 2013). Multiple basins have a peak 
in the presence of fecal coliforms during 2007 and/or 2010; interestingly, NOAA records each of 
the previous year’s precipitation below average and are the two lowest annual rainfall years 
during the study period (Appendix C & Figure 7). While no specific conclusions can be made 
from this observation, it may be cause for further research. Amongst all basins, the highest 
annual average of fecal coliforms present occurred at Basin 541 during 2011 at 9,000/100ml, 
however, upon further inspection, this was the only sample taken during 2011 for this basin as 
there was no flow during other sampling events. Basin 541 also saw a 4% increase in 
Residential Low Density (LULC 110) and a 2% increase in Cropland & Pastureland (LULC 210); 
urban and agricultural land-use types are known to have greater concentrations of fecal 
coliforms (Duda et al., 1982; U.S. EPA, 1997). Basin 558 appears to have increasing fecal 
coliforms during the study period and also had a 13% increase in urban land-use. Even though 
none of the basins had a statistically significant trend, these repeatedly high values throughout 
the study period are a good example as to why the Alafia River is considered impaired for fecal 
coliforms (FDEP, 2014). 
Enterococci. The EPA has identified enterococci as one of the best bacterial indicators 
of health risks from fresh water contact (U.S. EPA, 1997), however, Florida does not currently 
have a state standard for enterococci in freshwater (U.S. EPA, 2003). Only six states, three 
tribes, and two territories use enterococci as a standard for freshwaters (U.S. EPA, 2003). 
California requires that no fresh water sample exceed 61-151 cfu/100ml enterococci (U.S. EPA, 
2003). 
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Similar to the results of fecal coliforms, several of the basins appear to have spikes in 
the levels of enterococci during 2007 and 2010 and are likely not related to land-use changes as 
the levels of bacteria fluctuate throughout the study period (Appendix C). The majority of the 
enterococci samples exceed California’s state requirement and further supports DEP 
determination of the Alafia River as impaired (FDEP, 2014). Basins 549, 550, 552, and 558 
appear to have increasing trends; however, basin 558 was the only basin to have a statistically 
significant trend in average annual enterococci.  
Significant trend(s). Basin 558 had a positive trend with an annual mean of 1612.1/100 
ml, ranging between 550.0/100ml and 3,000/100ml. While Basin 558 saw an increase in 
enterococci during the study, the largest land-use changes were a 10% decrease in Cropland & 
Pastureland and a 16% increase in combined residential density (low, medium, high). This is 
interesting as urban-residential areas can be sources of septic leaks and pet waste. 
Correlation analysis. A correlation analysis between the water quality parameters and 
land-use from all 17 basins showed annual average fecal coliforms is negatively correlated to 
Pine Flatwoods and Emergent Aquatic Vegetation and annual average enterococci had no 
statistically significant correlations to land-use, but was correlated to basin size. 
Multiple regression. A multiple regression analysis revealed that for every KM2 increase 
in basin size it causes a 75.061 cfu/100ml increase in fecal coliform and for every percent 
increase in Industrial (LULC 150) it causes a 1273.814 cfu/100ml increase. This model explains 
50% of the variation in fecal coliform (Appendix I).  Also, for every KM2 increase in basin size it 
causes a 100.64 cfu/100ml decrease in enterococci and for every percent increase in Other 
Open Lands Rural (LULC 260) it causes a 236.179 cfu/100ml increase. This model explains 
30% of the variation in enterococci (Appendix I).   
It is to be expected that watersheds with increased imperviousness would have higher 
bacterial concentrations (Schoonover & Lackaby, 2006; Nagy et al., 2011), conversely it would 
be expected that watersheds with less impervious areas such as forest would have lower 
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bacterial concentrations (Tong & Chen, 2002). It is curious that this study didn’t show any 
relationships to any of the urban or agricultural land-use types as these areas have greater 
concentrations of fecal coliforms (Duda et al., 1982; U.S. EPA, 1997). It is also curious that 
enterococci had a negative relationship to basin size as the larger the basin, the more 
opportunity for increased imperviousness and that fecal coliform had a positive relationship to 
basin size as both these parameters are similar. According to the U.S. EPA (1997), accurate 
bacterial sampling can be difficult because their levels are strongly correlated with rainfall and 
the equipment used to sample must be sterile so as not to provide false positives. These 
variations in results could also be why the state rule 62-302.530 suggests using monthly 
averages expressed as geometric mean based on a minimum of 10 samples taken over a 30-
day period, while the data for this study often only had one sample per month at best. 
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SUMMARY & CONCLUSIONS 
Previous Research 
It has been well documented that rivers are strongly influenced by their surrounding 
watershed at multiple scales (Allan et al., 1997; Fausch et al., 2002; Schlosser, 1991; 
Townsend et al., 2003). The intent of this study was to investigate what land-use changes have 
occurred in the Alafia River watershed and if those changes could be correlated to water quality 
changes. Previous studies, such as Aragon (2009) used a 100 meter buffer around each river 
section as the contributing zone, and Khare et al. (2012) looked at larger tributaries with 5 out of 
the 6 stations having had contributing drainage areas larger than 100 km2.  These studies did 
find statistically significant trends in water quality, but neither conducted correlations nor a 
multiple regression between the water quality parameters, land-use and basin size. This study 
differs as it focuses on the headwater scale (contributing drainage areas under 50 km2) of the 
Alafia River with the idea that water quality constituents would be more concentrated and 
therefore would provide stronger trends in water quality data, as opposed to samples taken on 
higher order streams. This study also conducted a correlation and multiple regression analysis 
between water quality parameters, land-use, and basin size to determine what relationships 
might exist. 
Research Questions 
This study addressed the following questions: 1) What LULC changes occurred in the 
headwaters of the Alafia? 2) What are the trends in water quality in the headwaters of the 
Alafia? 3) Are there statistically significant relationships between changes in land-use, water 
quality parameters, and basin size? The hypothesis for this study is that water quality trends 
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and relationships between land-use and water quality are more apparent within headwater 
streams. 
 Research question 1 
The LULC changes that occurred in the headwaters of the Alafia consisted of multiple 
LULC types and most basins had relatively little to no changes in the percent cover over the 
study period (Appendix E & F). Every basin consisted of some percentage of Low Density 
Residential (LULC 110), Cropland and Pastureland (LULC 210), Reservoirs (LULC 530) and 
Streams and Lake Swamps (LULC 615) (Appendix E). The majority of the basins were 
predominately agriculture and had relatively little change. Four basins were already 
predominately urban and just became more urban during the study period. Two basins were 
primarily Extractive (LULC 160) and then converted to Reclaimed (LULC 163) and one basin 
was both urban and agriculture and barely changed at all. On a positive note: the wetlands 
within the study area didn’t change significantly, the change for any basin was never ±3.26% 
within the study area. 
Research question 2  
The trends in water quality in the headwaters of the Alafia showed that not all basins and 
water quality parameters had statistically significant trends. For many of the basins and 
parameters, it often appears that water quality might be increasing or decreasing, but once a 
statistical trend analysis is conducted, those initially observed trends may not be rigorous 
enough to withstand the statistical analysis. Eight of the 17 basins had at least one statistically 
significant trend.  
Basin 151 is a good example as it had a 10% increase in Residential Low Density which 
could be the source of increased TN which could cause an increase in plankton which we see 
through the increased chl-a values, and thus means an increase in photosynthesis by plankton 
which take up dissolved CO2 from the water which results in an increase in pH (EPCHC, 2014). 
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Basin 151 had the longest water quality sampling history of any of the basins and was the only 
basin sampled monthly and is likely why more parameters had statistically significant trends 
within this basin as there was more data available to compare to LULC changes. The other 
basins with significant trends didn’t have any clear relationships between the parameters 
themselves, between the parameters and land-use, or only had one significant parameter.  
The statistically significant trends weren’t always supported by the land-use changes. 
For example, while Basin 558 saw a decrease in Chl-a during the study, it had a 16% increase 
in combined residential density (low, medium, high), when we would normally expect an 
increase as urban and agriculture are known to be related to increases in nutrients and thus 
Chl-a (Tong & Chen, 2002; Pusey & Arthington, 2003; Atasoy et al., 2006; Walsh et al., 2005). 
This is certainly a limitation of the study, as there are so many factors involved when 
considering what affects water quality that one cannot simply make assumptions. 
There are certain sections of the Alafia watershed that are considered impaired by the 
state of Florida.  Portions of the Alafia are impaired by fecal coliforms, DO and nutrients (FDEP, 
2014). Additionally, analysis of the data used for this study has shown additional instances 
where water quality measurements were in violation of state standards, suggesting that 
additional management plans may need to be enacted.  Multiple basins throughout the study 
were below general DO standards by dropping below 5mg/L (U.S.EPA, 2015).  Although TP did 
not have any statically significant trends, some basins did appear to variably increase in TP 
from time to time during the study and any “man-induced nutrient enrichment” would constitute a 
water quality violation (62-302.530, F.A.C.). Basins 545 & 151 would be in violation of state 
water quality standards during the study period as they had positive trends for annual average 
TN. Also, basin 542 is part of a larger sub-basin, Mustang Ranch Creek, which has been 
identified as impaired for nutrients and DO and has a Total Maximum Daily Load (TMDL) that 
seeks to reduce TN and TP concentrations by 45% to 50% (FDEP, 2014). Many of the basins 
had fecal coliform and enterococci values that exceed state water quality standards and 
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therefore it is no surprise that the Alafia is considered impaired for fecal colifom. Basins 151 and 
542 are within an area of the Alafia watershed that have TMDLs established for fecal coliform 
which require a 64% and 88% reduction, respectively.  It will be interesting for future studies to 
determine if the implementation of the TMDLs were successful years from now in reducing the 
required amount of nutrients and fecal coliform. 
 
Research question 3 
Are there statistically significant relationships between changes in land-use, water 
quality parameters, and basin size? Based on the results of this study, we see that changes in 
water quality can be statistically related to changes in land-use and basin size. There were 
several land-use types that had statistically significant relationships to water quality parameters 
and while basin size did show up as significant for some water quality parameters, the results 
were inconsistent between the correlation and regression. 
The correlation showed Cropland & Pastureland, Pine Flatwoods, and Emergent Aquatic 
Vegetation with the most correlations to water quality while other land-use types such as 
reclaimed didn’t have any correlations. Only two water quality parameters were correlated to 
basin size – total phosphorous and enterococci. 
The regression showed Other Open Lands Rural, Institutional, Hardwood Conifer Mixed, 
and Wet Prairies with the most causal relationships to water quality parameters while land-use 
types such as Residential Medium Density, Residential High Density or Pine Flatwoods didn’t 
show any relationships. Basin size did have a negative relationship to enterococci and a positive 
relationship with fecal coliform and conductivity.  
Both the correlation and the regression showed consistent relationships between several 
LULC types and water quality parameters: increases in Commercial & Services causes 
increased nutrients (TP and TN); Cropland & Pastureland causes decreased DO and DO% 
Saturation; increases in Tree Crops causes a decrease in pH; increasing Other Open Lands 
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Rural causes a decrease in temperature; and increases in Shrub & Brushland cause decreases 
in conductivity and pH. As these relationships are based on the results from both analyses, it 
would seem that these relationships are the most reliable, and are key results of the study. 
These key relationships might be areas that future water resource managers may want to focus 
on in order to more efficiently improve or regulate water quality within headwater streams. 
General Limitations 
The general limitations of the study can be grouped into selection bias, sampling bias, 
and sample size. Selection bias is due to the selections of the basins as opposed to the entire 
Alafia River watershed. Sampling bias is due to the sampling methods used by EPC as much of 
the data had to be reviewed for errors or qualifier codes. Sample size is another limitation for 
several reasons. The water quality data were limited as all but one of the sites only began 
monitoring in 2005 and again, not all the sites were monitored monthly; many were monitored 
quarterly or even biannually.  
Due to the lack of annual samples taken, it was decided that a Mann-Kendall Trend 
analysis should be performed as opposed to the more common/preferred Mann-Kendall 
Seasonal trend test. In many instances, water sampling that was to have occurred quarterly or 
monthly in fact only appeared to have occurred at 2 or three times a year.  Further, these 
sampling times did not fall consistently at certain times of the year, which made accounting for 
regular seasonal variation impossible. 
Also, according to Florida Administrative Code, at least one sample from each season 
shall be required in any given year to calculate an annual mean chlorophyll a value for that year 
and this method was not possible as for this study period as some seasonal data was not 
sampled (62-303.350 F.A.C.). In addition, chlorophyll a data collected after the effective date of 
this rule shall be corrected chlorophyll a and this study used chlorophyll a uncorrected samples 
as it had more data than the corrected version (62-303.350 F.A.C.). Corrected chlorophyll a is 
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the calculated concentration of chlorophyll a remaining after the chlorophyll degradation 
product, phaeophytin a, has been subtracted from the uncorrected chlorophyll a measurement 
(62-303.350 F.A.C.).  
Another complication is that LULC data obtained from the SWFWMD are based on 
photo interpretations of digital imagery and that digital imagery is not always collected in the 
same season every year and the scale of these datasets may differ from year to year, therefore 
there is likely room for some inconsistency within this data set. In addition, LULC data were not 
collected annually prior to 2005, this means that for basins such as 151, with long-term water 
quality sampling, there is not annual LULC data to compare to. For this study, only two years of 
LULC data was used that coincided with the available water quality sampling period, an initial 
and final year. This limited the available data for the correlation and regression analysis and 
likely limited the amount and/or strength of the relationships that were found. Especially for the 
regression, as it was ultimately decided to remove several land-use types because they only 
had ≤ 5 data points and were causing misleading results within the models. 
Although this study was limited due to small sample size, these basic statistical tests 
confirm the findings of other studies that point to the impact of land-use on water quality (Hill, 
1981; Pusey & Arthington, 2003; Tufford et al., 2003; Kinouchi et al. 2007; Hoorman et al., 
2008; Nagy et al., 2011). As the findings of this study identify statistically significant 
relationships between land-use and water quality data, future studies should use increasingly 
available data to conduct more rigorous regression testing to possibly identify stronger or 
additional relationships. 
Future Management Considerations 
Future managers need to implement frequent and consistent water quality monitoring 
because without dependable and long-term data, it is difficult to determine reliable and 
statistically significant trends as we saw in the annual average temperature of Basin 541 which 
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appeared to drop in 2010, but upon further inspection, was merely because all samples were 
taken during fall and winter months. Agencies should undertake more consistent long term data 
collection thereby creating more reliable water quality data. Even the FDEP acknowledged in 
their Final Alafia River Basin Management Action Plan (April 2014), that “water quality sampling 
done on a quarterly basis may not provide sufficient information on the dynamics of the system, 
especially when trying to implement TMDL criteria” (FDEP, 2014). The ultimate value of this 
research may be realizing the importance of rigorous and reliable data collection, especially 
when it may be used to determine if waterbodies meet state regulations or require management 
plans. 
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APPENDICES 
 
Appendix A: EPCHC Water Quality Qualifier Codes, Definitions, and Notes Regarding to 
EPC Data (EPCHC, 2014). 
 
 
Appendix B: Details of Water Quality Data and Qualifier Codes 
 Total Nitrogen only had qualifier code C at station 151. Temperature, DO, conductivity, 
pH, salinity, and turbidity had some data with qualifier code J. Total Phosphorous had qualifier 
codes I, J, and Y. Chlorophyll-a data had qualifier codes I, J, O, and U. Ammonia had qualifier 
codes I, J, K, U, and Y. Fecal coliform had qualifier codes: I, J, B, U, K, L, O, Z, and Y. 
Enterococci data had qualifier codes I, J, B, U, Z, O, and Y.  
 Code C indicates the values were lab calculated; these values were treated as regular 
data. Qualifier Code I is used to indicate the reported value is between the laboratory method 
detection limit (MDL) and laboratory practical quantitation limit (PQL). The EPA recommends 
that all values between the PQL and MDL be reported because the values are real even if the 
exact concentration is not clear. Data with Qualifier code were included in the data analysis. 
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Code J indicates post run equipment failure or field-measured values not bracketed. Since code 
J suggests potential equipment failures leading to inaccurate data, these values were removed. 
Code K indicates the value is off-scale; actual value known to be less than the value given. 
Code L indicates the value is off-scale; the actual value was known to be greater than value 
given. Data with qualifier codes K and L had values reported with < or > symbols; these symbols 
were removed allowing the values to represent a sampling event. Code O indicates the data 
was sampled, but the analysis was lost or not performed. Values were not provided for O codes; 
therefore, they were not included in analysis. Code U indicates the compound was 
analyzed/tested for, but not detected. Since the values with Code U were not detected, this data 
was not included in analysis, Code Y indicates the laboratory analysis was from an unpreserved 
or improperly preserved sample; the data may not be accurate. Code Y suggests data may be 
inaccurate thus these values were excluded from the data set. Code B is used for bacterial 
samples when the results are based upon colony counts outside the acceptable range and code 
Z is used when the sample contains too many colonies so the numeric value represents the 
filtration volume. Values with code B were used in data analysis because they were very 
prevalent and if removed, would have left little to no data left to analyze. Data with qualifier Z 
were removed from analysis since it wasn’t a true count of bacteria colonies. 
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Appendix C: Annual average graphs for each of the 11 water quality parameters. 
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Appendix D: Florida Land Use, Cover and Forms Classification System by the State of 
Florida Department of Transportation (FL DOT, 1999). 
Land Use 
Code Land Use Classification 
100 URBAN & BUILT-UP 
110 Residential Low Density 
111 Fixed Single Family Units 
113 Mixed units (fixed and mobile home units) 
119 Low density under construction 
120 Residential Medium Density 
121 Fixed single family units 
123 Mixed units (fixed and mobile home units) 
129 Medium density under construction 
130 Residential High Density 
131 Fixed single family units 
133 Multiple dwelling units low rise 
134 Multiple dwelling units high rise 
135 Mixed units (fixed and mobile home units) 
139 High density under construction 
140 Commercial and Services 
141 Retail sales and services 
1411 Retail sales and services - shopping centers 
142 Wholesale sales and services 
1423 Wholesale sales and services - junk yards 
143 Professional services 
144 Cultural and entertainment 
145 Tourist services 
146 Oil and gas storage 
147 Mixed commercial and services 
148 Cemeteries 
149 Commercial and services under construction 
150 Industrial 
151 Food processing 
152 Timber processing 
153 Mineral processing 
154 Oil and gas processing 
155 Other light industrial 
156 Other heavy industrial 
159 Industrial under construction 
160 Extractive 
161 Strip mines 
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162 Sand and gravel pits 
163 Rock quarries 
164 Oil and gas fields 
165 Reclaimed land 
166 Holding ponds 
170 Institutional 
171 Educational facilities 
172 Religious 
173 Military 
174 Medical and health care 
175 Governmental 
176 Correctional 
177 Other institutional 
178 Commercial child care 
179 Institutional under construction 
180 Recreational 
181 Swimming beach 
182 Golf courses 
183 Race tracks 
184 Marinas and fish camps 
185 Parks and zoos 
186 Community recreational facilities 
187 Stadiums 
188 Historical sites 
189 Other recreational 
190 Open Land 
191 Undeveloped land within urban areas 
192 Inactive land with street pattern 
193 Urban land in transition 
194 Other open land 
200 AGRICULTURE 
210 Cropland and Pastureland 
211 Improved pastures 
212 Unimproved pastures 
213 Woodland pastures 
214 Row crops 
215 Field crops 
2156 Field crops - sugar cane  
220 Tree Crops 
221 Citrus groves 
222 Fruit orchards 
223 Other groves 
230 Feeding Operations 
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231 Cattle feeding operations 
232 Poultry feeding operations 
233 Swine feeding operations 
240 Nurseries and Vineyards 
241 Tree nurseries 
242 Sod farms 
243 Ornamentals 
244 Vineyards 
245 Floriculture 
246 Timber nursery 
250 Specialty Farms 
251 Horse farms 
252 Dairies 
253 Kennels 
254 Aquaculture 
259 Other 
260 Other Open Lands (Rural) 
261 Fallow crop land 
300 RANGELAND 
310 Herbaceous 
320 Shrub and Brushland 
321 Palmetto prairies 
322 Coastal scrub 
329 Other shrubs and brush 
330 Mixed Rangeland 
400 UPLAND FORESTS 
410 Upland Coniferous Forests 
411 Pine flatwoods 
4119 Pine flatwoods - melaleuca infested 
412 Longleaf pine - xeric oak 
413 Sand pine 
414 Pine - mesic oak 
419 Other pines 
420 Upland Hardwood Forests 
421 Xeric oak 
422 Brazilian pepper 
423 Oak - pine - hickory 
424 Melaleuca 
425 Temperate hardwood 
426 Tropical hardwoods 
427 Live oak 
428 Cabbage palm 
4289 Cabbage palm - melaleuca infested 
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429 Wax myrtle - willow 
430 Upland Hardwood Forests - Continued 
431 Beech - magnolia 
432 Sand live oak 
433 Western Everglades hardwoods 
434 Hardwood conifer mixed 
435 Dead trees 
437 Australian pine 
438 Mixed hardwoods 
439 Other hardwoods 
440 Tree Plantations 
441 Coniferous plantations 
442 Hardwood plantations 
443 Forest regeneration areas 
444 Experimental tree plots 
445 Seed plantations 
500 WATER 
510 Streams and Waterways 
520 Lakes 
521 Lakes larger than 500 acres 
522 Lakes larger than 100 acres - less than 500 acres 
523 Lakes larger than 10 acres - less than 100 acres 
524 Lakes less than 10 acres 
530 Reservoirs 
531 Reservoirs larger than 500 acres 
532 Reservoirs larger than 100 acres - less than 500 acres 
533 Reservoirs than 10 acres - less than 100 acres 
534 Reservoirs less than 10 acres 
540 Bays and Estuaries 
541 Embayments opening 
542 Embayments not opening 
550 Major Springs 
560 Slough Waters 
600 WETLANDS 
610 Wetland Hardwood Forests 
611 Bay swamps 
612 Mangrove swamps 
613 Gum swamps 
614 Titi swamps 
615 Stream and lake swamps (bottomland) 
616 Inland ponds and sloughs 
617 Mixed wetland hardwoods 
6171 Mixed wetland hardwoods - willows 
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6172 Mixed wetland hardwoods - mixed shrubs 
620 Wetland Coniferous Forests 
621 Cypress 
6218 Cypress - melaleuca infested 
6219 Cypress - with wet prairies 
622 Pond pine 
623 Atlantic white cedar 
624 Cypress - pine - cabbage palm 
630 Wetland Forested Mixed 
640 Vegetated Non-forested Wetlands 
641 Freshwater marshes 
6411 Freshwater marshes - sawgrass 
6412 Freshwater marshes - cattail 
642 Saltwater marshed 
643 Wet prairies 
6439 Wet prairies - with pine 
644 Emergent aquatic vegetation 
645 Submergent aquatic vegetation 
650 Non-vegetated 
651 Tidal flats 
652 Shorelines 
653 Intermittent ponds 
654 Oyster bars 
700 BARREN LAND 
710 Beaches Other Than Swimming Beaches 
720 Sand Other Than Beaches 
730 Exposed Rock 
731 Exposed rock with marsh grasses 
740 Disturbed Lands 
741 Rural land in transition 
742 Borrow areas 
743 Spoil areas 
744 Fill areas (highways-railways) 
745 Burned areas 
800 TRANSPORTATION, COMMUNICATIONS, UTILITIES 
810 Transportation 
811 Airports 
812 Railroads 
813 Bus and truck terminals 
814 Roads and highways 
815 Port facilities 
816 Canals and locks 
817 Oil, water, or gas long distance transmission lines 
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818 Auto parking facilities 
819 Transportation facilities under construction 
820 Communications 
821 Transmission towers 
822 Communication facilities 
829 Communication facilities under construction 
830 Utilities 
831 Electrical power facilities  
832 Electrical power transmission lines  
833 Water supply plants 
834 Sewage treatment 
835 Solid waste disposal 
839 Utilities under construction  
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Appendix E: Calculated LULC percent cover (km2) for initial and final sampling years and 
the change in percent cover for each land-use type in each station basin  using the 
formula:  (2011 LU km2) – (Initial LU km2) = (Change in LU km2) / (Total Basin Area km2) x 
100%, where LU is land-use.
 
Basin Years LULC
110 120 130 140 150 160 165 170 180 182 190
1990 9.38% 4.25% 0.23% 1.21% 1.72% 20.06% 0.00% 0.58% 0.12% 0.00% 3.16%
2011 19.06% 6.42% 1.10% 0.92% 1.85% 0.00% 13.08% 0.93% 0.58% 0.28% 3.11%
Change 9.68% 2.17% 0.87% -0.29% 0.13% -20.06% 13.08% 0.34% 0.46% 0.28% -0.04%
2005 17.70% 4.16% 0.17% 2.12% 3.40% 7.31% - 0.07% 0.16% 1.99% 1.60%
2011 21.74% 4.27% 0.17% 2.19% 3.60% 10.71% - 0.07% 0.16% 0.00% 1.79%
Change 4.04% 0.11% 0.00% 0.07% 0.20% 3.40% - 0.00% 0.00% -1.99% 0.18%
2005 21.28% 0.17% - 1.99% - - - - - - 0.00%
2011 25.10% 0.17% - 1.21% - - - - - - 1.84%
Change 3.82% 0.00% - -0.78% - - - - - - 1.84%
2005 24.18% 7.29% 0.60% 3.19% 0.38% - - 0.35% - - 1.83%
2011 25.20% 8.99% 0.60% 3.45% 0.46% - - 0.35% - - 1.85%
Change 1.02% 1.70% 0.00% 0.26% 0.08% - - 0.00% - - 0.02%
2005 2.11% - - - 0.15% 1.29% 0.00% 0.04% - -
2011 2.20% - - - 0.21% 21.11% 3.57% 0.04% - - 0.20%
Change 0.09% - - - 0.06% 19.82% 3.57% 0.00% - - 0.20%
2005 12.49% - - - - - 0.00% - - - -
2011 12.48% - - - - - 1.12% - - - -
Change -0.01% - - - - - 1.12% - - - -
2005 24.37% - - - - - - - - - 0.00%
2011 27.28% - - - - - - - - - 9.54%
Change 2.92% - - - - - - - - - 9.54%
2005 1.92% - - - - 66.52% 0.00% - - - -
2011 1.92% - - - - 0.00% 60.67% - - - -
Change 0.00% - - - - -66.52% 60.67% - - - -
2005 5.76% - - - - 27.53% 0.00% - - - -
2011 6.42% - - - - 0.00% 27.53% - - - -
Change 0.66% - - - - -27.53% 27.53% - - - -
2005 11.63% - - - - 53.63% 0.00% - - - -
2011 11.63% - - - - 0.68% 51.02% - - - -
Change 0.00% - - - - -52.94% 51.02% - - - -
2005 31.77% - - - 0.00% 30.93% 0.00% - - - -
2011 32.99% - - - 0.08% 0.10% 25.20% - - - -
Change 1.22% - - - 0.08% -30.84% 25.20% - - - -
2005 54.42% - - - - 0.09% 0.00% - - - -
2011 54.90% - - - - 0.00% 0.09% - - - -
Change 0.49% - - - - -0.09% 0.09% - - - -
2005 37.25% - - - - - - - - - 1.14%
2011 37.42% - - - - - - - - - 1.14%
Change 0.17% - - - - - - - - - 0.01%
2005 27.56% - - 0.01% - - - 11.56% - - 2.04%
2011 27.56% - - 0.01% - - - 11.56% - - 2.04%
Change 0.00% - - 0.00% - - - 0.00% - - 0.00%
2005 14.39% 6.30% 9.50% 0.27% 0.48% - - 1.47% 1.76% - 11.31%
2011 21.20% 11.42% 13.58% 1.24% 0.48% - - 1.71% 2.37% - 6.32%
Change 6.81% 5.12% 4.08% 0.97% 0.00% - - 0.24% 0.60% - -4.98%
2005 7.16% 1.13% - 0.06% 0.17% - - - 0.00% - 1.31%
2011 7.19% 1.83% - 0.06% 0.29% - - - 0.44% - 2.07%
Change 0.03% 0.70% - 0.00% 0.12% - - - 0.44% - 0.76%
2005 1.54% 42.78% 1.78% 0.14% - 0.08% - 0.07% 0.00% - 0.91%
2011 3.18% 45.56% 2.19% 0.14% - 0.00% - 0.07% 1.28% - 6.22%
Change 1.65% 2.78% 0.41% 0.00% - -0.08% - 0.00% 1.28% - 5.31%
553
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Basin Years
210 214 220 230 240 250 255 260 310 320 330
1990 20.31% 6.43% 8.20% 1.62% 0.31% 0.05% - 4.27% - 0.55% -
2011 8.11% 13.03% 1.60% 0.24% 0.76% 0.06% - 4.34% - 0.00% -
Change -12.20% 6.59% -6.60% -1.38% 0.45% 0.01% - 0.07% - -0.55% -
2005 19.46% 5.45% 6.17% - 0.62% - - 6.27% - 0.40% -
2011 21.69% 7.80% 1.11% - 0.87% - - 1.99% - 0.39% -
Change 2.22% 2.35% -5.05% - 0.25% - - -4.28% - 0.00% -
2005 26.91% 15.67% 13.81% - 0.68% - - 3.25% - - -
2011 25.17% 17.79% 1.83% - 0.68% - - 9.84% - - -
Change -1.74% 2.12% -11.99% - 0.00% - - 6.59% - - -
2005 9.73% 17.65% 13.18% 0.15% 0.92% - - 3.64% - 0.11% -
2011 9.77% 21.04% 3.62% 0.10% 1.32% - - 6.72% - 0.11% -
Change 0.03% 3.39% -9.57% -0.06% 0.39% - - 3.08% - 0.00% -
2005 37.29% 0.00% 24.63% 0.08% 3.93% - - 1.40% - 4.25% -
2011 21.50% 0.13% 13.28% 0.08% 2.08% - - 11.83% - 4.04% -
Change -15.78% 0.13% -11.35% 0.00% -1.85% - - 10.43% - -0.20% -
2005 65.62% - - - 0.00% - - - - 1.65% -
2011 65.62% - - - 0.00% - - - - 1.65% -
Change 0.00% - - - 0.00% - - - - 0.00% -
2005 43.57% - 25.45% - - - - 0.00% - - -
2011 43.57% - 9.50% - - - - 2.58% - - -
Change 0.00% - -15.95% - - - - 2.58% - - -
2005 0.63% 0.00% 17.86% - - - - 0.00% - - -
2011 0.01% 0.62% 4.97% - - - - 12.89% - - -
Change -0.62% 0.62% -12.89% - - - - 12.89% - - -
2005 27.31% 0.66% 12.67% - - - - 5.44% 0.76% 0.59% -
2011 26.63% 6.00% 4.19% - - - - 8.61% 0.76% 0.59% -
Change -0.68% 5.34% -8.49% - - - - 3.17% 0.00% 0.00% -
2005 14.19% - 3.60% - - - - 0.00% - - -
2011 14.19% - 1.67% - - - - 1.94% - - -
Change 0.00% - -1.94% - - - - 1.94% - - -
2005 10.47% 1.75% 11.64% - 0.67% - 0.47% 0.74% - - -
2011 10.36% 0.28% 1.64% - 1.01% - 0.00% 11.15% - - -
Change -0.11% -1.47% -10.00% - 0.34% - -0.47% 10.41% - - -
2005 8.95% 1.86% 16.62% - - - - 0.00% - - -
2011 8.95% 1.86% 12.77% - - - - 4.56% - - -
Change 0.00% 0.00% -3.84% - - - - 4.56% - - -
2005 25.04% - 12.47% - 0.06% 1.39% - 0.00% - - -
2011 24.87% - 4.40% - 0.13% 1.39% - 5.03% - - -
Change -0.17% - -8.07% - 0.07% 0.00% - 5.03% - - -
2005 16.69% 0.00% 29.95% - 2.45% - - 0.00% - - -
2011 15.66% 0.73% 25.17% - 2.45% - - 4.78% - - -
Change -1.03% 0.73% -4.78% - 0.00% - - 4.78% - - -
2005 27.53% - - - - - - - 0.25% 0.14% -
2011 17.24% - - - - - - - 0.25% 0.09% -
Change -10.29% - - - - - - - 0.00% -0.05% -
2005 26.56% 4.26% 0.30% - - 0.29% 1.07% 7.66% - 6.43% 1.45%
2011 24.41% 4.22% 0.00% - - 0.29% 0.27% 8.09% - 9.72% 1.45%
Change -2.15% -0.04% -0.30% - - 0.00% -0.81% 0.43% - 3.29% 0.00%
2005 11.11% 5.44% - - - - 0.53% 2.83% 1.36% 4.52% -
2011 5.69% 5.44% - - - - 0.40% 0.90% 1.36% 3.02% -
Change -5.42% 0.00% - - - - -0.13% -1.94% 0.00% -1.50% -
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Basin Years LULC
410 411 412 420 434 440 520 530 533 534
1990 0.46% - 0.16% - 3.13% 0.00% - 0.00% 0.44% 0.79%
2011 0.12% - 0.00% - 2.50% 0.17% - 1.60% 0.00% 0.00%
Change -0.34% - -0.16% - -0.63% 0.17% - 1.60% -0.44% -0.79%
2005 - - - - 9.05% 0.34% 0.01% 2.05% - -
2011 - - - - 8.88% 0.34% 0.00% 2.52% - -
Change - - - - -0.16% 0.00% -0.01% 0.47% - -
2005 - - - - 7.39% - - 0.38% - -
2011 - - - - 6.99% - - 0.67% - -
Change - - - - -0.40% - - 0.29% - -
2005 - - - - 2.29% 0.88% - 0.99% - -
2011 - - - - 2.06% 1.11% - 1.24% - -
Change - - - - -0.23% 0.23% - 0.25% - -
2005 0.48% - - 0.99% 0.65% 0.31% 0.11% 0.12% - -
2011 0.52% - - 0.89% 0.40% 0.31% 0.02% 0.07% - -
Change 0.04% - - -0.09% -0.25% 0.00% -0.09% -0.04% - -
2005 - 1.40% - - 2.13% 0.04% 1.05% - -
2011 - 1.40% - - 2.13% 0.04% 0.75% - -
Change - 0.00% - - 0.00% 0.00% -0.30% - -
2005 - 0.98% - - 0.60% - - 0.86% - -
2011 - 0.98% - - 0.60% - - 1.56% - -
Change - 0.00% - - 0.00% - - 0.70% - -
2005 - - - - - - - 1.00% - -
2011 - - - - - - - 7.03% - -
Change - - - - - - - 6.03% - -
2005 - 0.59% - - 4.08% - - 0.10% - -
2011 - 0.59% - - 4.08% - - 0.10% - -
Change - 0.00% - - 0.00% - - 0.00% - -
2005 - 0.91% - - 1.75% - - 0.24% - -
2011 - 0.91% - - 1.33% - - 1.93% - -
Change - 0.00% - - -0.42% - - 1.69% - -
2005 - 0.29% - - 5.01% - - 0.06% - -
2011 - 0.29% - - 5.01% - - 5.35% - -
Change - 0.00% - - 0.00% - - 5.29% - -
2005 - 4.23% - - 2.85% - - 0.18% - -
2011 - 3.02% - - 2.85% - - 0.07% - -
Change - -1.21% - - 0.00% - - -0.12% - -
2005 - 2.90% - - 13.12% 0.00% 0.77% - -
2011 - 2.90% - - 13.05% 3.03% 0.62% - -
Change - 0.00% - - -0.07% 3.03% -0.15% - -
2005 - - - - 1.53% - - 0.38% - -
2011 - - - - 1.53% - - 0.68% - -
Change - - - - 0.00% - - 0.30% - -
2005 0.97% 0.36% - - 11.95% - - 1.70% - -
2011 0.97% 0.34% - - 8.69% - - 1.97% - -
Change 0.00% -0.02% - - -3.26% - - 0.27% - -
2005 1.06% 7.30% - 0.22% 10.11% 2.21% 0.07% 1.31% - -
2011 1.07% 6.03% - 0.22% 8.89% 2.13% 0.04% 1.38% - -
Change 0.01% -1.27% - 0.00% -1.22% -0.08% -0.03% 0.07% - -
2005 1.25% 5.83% - - 5.96% - 0.54% 0.86% - -
2011 1.48% 3.37% - - 4.23% - 0.33% 2.67% - -
Change 0.23% -2.46% - - -1.73% - -0.20% 1.81% - -
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Basin Years
615 620 621 630 641 643 644 653 740 810 820 830
1990 8.03% 0.15% - 0.41% 0.37% 0.04% 2.23% 1.27% 0.07% 0.00% - 0.00%
2011 7.47% 0.03% - 0.70% 6.87% 0.48% 0.18% 0.03% 2.96% 1.37% - 0.05%
Change -0.56% -0.12% - 0.29% 6.50% 0.44% -2.05% -1.23% 2.89% 1.37% - 0.05%
2005 7.87% - - 0.02% 2.08% 0.43% 0.62% 0.00% - 0.34% - 0.13%
2011 6.69% - - 0.02% 1.88% 0.43% 0.17% 0.04% - 0.34% - 0.13%
Change -1.18% - - 0.00% -0.20% 0.00% -0.46% 0.04% - 0.00% - 0.00%
2005 0.85% - - 0.89% 3.83% 1.49% 0.12% 0.00% - 1.27% - -
2011 0.85% - - 0.89% 4.00% 1.49% 0.00% 0.21% - 1.27% - -
Change 0.00% - - 0.00% 0.17% 0.00% -0.12% 0.21% - 0.00% - -
2005 10.22% 0.03% - - 0.83% 0.05% 0.09% 0.00% 0.01% 1.02% - 0.38%
2011 9.48% 0.03% - - 0.99% 0.05% 0.06% 0.01% 0.00% 1.02% - 0.38%
Change -0.73% 0.00% - - 0.16% 0.00% -0.03% 0.01% -0.01% 0.00% - 0.00%
2005 14.66% - - - 1.17% 1.96% 0.05% - 3.57% - - 0.78%
2011 14.09% - - - 0.94% 1.60% 0.11% - 0.00% - - 0.78%
Change -0.57% - - - -0.23% -0.36% 0.06% - -3.57% - - 0.00%
2005 5.23% - - - 4.11% 5.05% 0.12% - 1.12% - - -
2011 5.23% - - - 4.40% 5.05% 0.13% - 0.00% - - -
Change 0.00% - - - 0.30% 0.00% 0.01% - -1.12% - - -
2005 3.20% - - - 0.44% - 0.39% 0.15% - - - -
2011 3.20% - - - 0.44% - 0.61% 0.15% - - - -
Change 0.00% - - - 0.00% - 0.21% 0.00% - - - -
2005 10.80% - - - 1.16% 0.00% 0.13% - - - - -
2011 9.40% - - - 1.32% 1.18% 0.00% - - - - -
Change -1.40% - - - 0.17% 1.18% -0.13% - - - - -
2005 12.38% - - - 0.47% 1.64% - - - - - -
2011 12.38% - - - 0.47% 1.64% - - - - - -
Change 0.00% - - - 0.00% 0.00% - - - - - -
2005 12.91% - - - 0.09% 1.02% 0.04% - - - - -
2011 13.33% - - - 0.27% 1.02% 0.09% - - - - -
Change 0.42% - - - 0.18% 0.00% 0.06% - - - - -
2005 4.13% - - - 1.04% 0.28% 0.16% - - - - 0.59%
2011 4.13% - - - 1.39% 0.28% 0.16% - - - - 0.59%
Change 0.00% - - - 0.34% 0.00% 0.01% - - - - 0.00%
2005 10.08% - - - 0.70% 0.03% - - - - -
2011 10.08% - - - 0.70% 0.15% - - - - -
Change 0.00% - - - 0.00% 0.12% - - - - -
2005 5.35% - - - 0.34% 0.10% 0.08% - - - - -
2011 5.35% - - - 0.51% 0.10% 0.06% - - - - -
Change 0.00% - - - 0.17% 0.00% -0.02% - - - - -
2005 7.84% - - - - - - - - - - -
2011 7.84% - - - - - - - - - - -
Change 0.00% - - - - - - - - - - -
2005 8.34% - - - 0.62% 0.50% 0.10% 0.05% - 0.70% - 1.33%
2011 8.43% - - - 0.65% 0.50% 0.43% 0.04% - 0.70% - 1.39%
Change 0.08% - - - 0.04% 0.00% 0.33% -0.01% - 0.00% - 0.07%
2005 16.53% - 0.59% 0.07% 1.46% 0.21% 0.08% - 0.00% 0.00% 0.33% 0.59%
2011 16.39% - 0.59% 0.07% 1.48% 0.13% 0.12% - 0.14% 0.06% 0.33% 0.59%
Change -0.14% - 0.00% -0.01% 0.02% -0.08% 0.05% - 0.14% 0.06% 0.00% 0.00%
2005 4.90% - 1.92% 0.08% 1.87% 3.22% 0.05% - 0.00% 0.00% - 0.45%
2011 4.90% - 1.92% 0.08% 2.04% 1.64% 0.05% - 0.29% 1.10% - 0.45%
Change 0.00% - 0.00% 0.00% 0.17% -1.58% 0.01% - 0.29% 1.10% - 0.00%
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Appendix F: Similar LULC types were combined to provide a summary of the general 
LULC types and the percentages, and change for each basin. 
 
Urban Extractive Reclaimed Agriculture Uplands Water Wetlands Barren Land
Basin Years
 (100s & 800s), 
(excluding 160 & 165) (160) (165) (200s) (300s & 400s) (500s) (600s) (740)
1990 20.65% 20.06% 0.00% 41.20% 4.30% 1.23% 12.50% 0.07%
2011 35.67% 0.00% 13.08% 28.14% 2.79% 1.60% 15.76% 2.96%
Change 15.01% -20.06% 13.08% 13.05% 0.43% 0.37% -3.26% -2.89%
2005 31.84% 7.31% - 37.97% 9.78% 2.06% 11.04% -
2011 34.46% 10.71% - 33.47% 9.62% 2.52% 9.23% -
Change 2.62% 3.40% - -4.50% -0.16% 0.46% -1.81% -
2005 24.71% - - 60.33% 7.39% 0.38% 7.19% -
2011 29.58% - - 55.31% 6.99% 0.67% 7.45% -
Change 4.87% - - -5.02% -0.40% 0.29% 0.26% -
2005 39.22% - - 45.29% 3.27% 0.99% 11.21% 0.01%
2011 42.31% - - 42.56% 3.27% 1.24% 10.61% 0.00%
Change 3.08% - - -2.73% 0.00% 0.25% -0.59% -0.01%
2005 3.07% 1.29% 0.00% 67.33% 6.68% 0.22% 17.84% 3.57%
2011 3.42% 21.11% 3.57% 48.91% 6.17% 0.09% 16.74% 0.00%
Change 0.35% 19.82% 3.57% -18.43% -0.51% -0.13% -1.10% -3.57%
2005 12.49% - 0.00% 65.62% 5.18% 1.08% 14.51% 1.12%
2011 12.48% - 1.12% 65.62% 5.18% 0.78% 14.82% 0.00%
Change -0.01% - 1.12% 0.00% 0.00% -0.30% 0.31% -1.12%
2005 24.37% - - 69.02% 1.57% 0.86% 4.18% -
2011 36.82% - - 55.65% 1.57% 1.56% 4.40% -
Change 12.45% - - -13.36% 0.00% 0.70% 0.21% -
2005 1.92% 66.52% 0.00% 18.48% 0.00% 1.00% 12.09% -
2011 1.92% 0.00% 60.67% 18.48% 0.00% 7.03% 11.91% -
Change 0.00% -66.52% 60.67% 0.00% 0.00% 6.03% -0.18% -
2005 5.76% 27.53% 0.00% 46.09% 6.02% 0.10% 14.49% -
2011 6.42% 0.00% 27.53% 45.43% 6.02% 0.10% 14.49% -
Change 0.66% -27.53% 27.53% -0.66% 0.00% 0.00% 0.00% -
2005 11.63% 53.63% 0.00% 17.79% 2.66% 0.24% 14.05% -
2011 11.63% 0.68% 51.02% 17.79% 2.24% 1.93% 14.71% -
Change 0.00% -52.94% 51.02% 0.00% -0.42% 1.69% 0.66% -
2005 32.36% 30.93% 0.00% 25.74% 5.30% 0.06% 5.61% -
2011 33.66% 0.10% 25.20% 24.44% 5.30% 5.35% 5.96% -
Change 1.30% -30.84% 25.20% -1.30% 0.00% 5.29% 0.35% -
2005 54.42% 0.09% 0.00% 27.42% 7.08% 0.18% 10.81% -
2011 54.90% 0.00% 0.09% 28.15% 5.87% 0.07% 10.92% -
Change 0.49% -0.09% 0.09% 0.72% -1.21% -0.12% 0.12% -
2005 38.38% - - 38.96% 16.01% 0.77% 5.87% -
2011 38.56% - - 35.82% 18.98% 0.62% 6.02% -
Change 0.18% - - -3.14% 2.96% -0.15% 0.15% -
2005 41.17% - - 49.08% 1.53% 0.38% 7.84% -
2011 41.17% - - 48.78% 1.53% 0.68% 7.84% -
Change 0.00% - - -0.30% 0.00% 0.30% 0.00% -
2005 47.50% - - 27.53% 13.67% 1.70% 9.61% -
2011 60.41% - - 17.24% 10.34% 1.97% 10.04% -
Change 12.91% - - -10.29% -3.33% 0.27% 0.44% -
2005 10.76% - - 40.14% 28.78% 1.37% 18.94% 0.00%
2011 12.86% - - 37.28% 29.51% 1.42% 18.78% 0.14%
Change 2.10% - - -2.86% 0.73% 0.05% -0.16% 0.14%
2005 47.67% 0.08% - 19.92% 18.92% 1.39% 12.03% 0.00%
2011 60.19% 0.00% - 12.43% 13.46% 3.00% 10.63% 0.29%
Change 12.52% -0.08% - -7.49% -5.45% 1.61% -1.40% 0.29%
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Appendix G: Mann-Kendall Trend Analysis; Statistical significance was determined at p ≤ 
0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variable 
(Annual 
Average) Basin Observations Minimum Maximum Mean
Std. 
deviation
Kendall's 
tau
p-value 
(Two - 
tailed)
Temperature 151 21 20.938 23.640 21.929 0.677 -0.410 0.009
DO 547 6 3.165 6.370 4.752 1.245 0.867 0.017
 DO% Saturation 556 7 38.500 74.800 64.467 12.055 0.714 0.030
551 7 223.500 367.667 318.095 47.007 0.714 0.030
553 7 224.000 285.250 259.524 21.706 0.810 0.011
558 7 159.500 300.000 214.179 45.369 0.810 0.011
151 21 7.173 7.895 7.465 0.211 0.619 < 0.0001
545 7 6.350 7.288 6.894 0.330 0.714 0.030
547 7 6.500 7.540 7.042 0.326 0.810 0.011
553 7 6.850 7.463 7.181 0.238 0.683 0.048
151 21 1.233 2.940 1.929 0.355 0.543 0.000
545 7 1.780 3.678 2.676 0.570 0.714 0.030
151 18 0.563 10.900 3.133 3.125 0.595 0.000
558 6 1.033 2.400 1.714 0.601 -0.733 0.056
Fecal coliform 543 6 400.000 2000.000 1179.167 697.570 0.867 0.017
Enterococci 558 7 550.000 3000.000 1612.143 796.091 0.714 0.030
Chlorophyll a 
(uncorrected)
Conductivity
 pH
Total Nitrogen
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Appendix H: Summary of results from the Kendall’s tau-b Correlation, Statistical 
significance indicated at P = .05*, .01**, .001***. 
 
 
Average 
Temperature
Average 
DO
Average 
DO % 
Saturation
Average 
Total 
Nitrogen
Average 
Total 
Phosphorus
Average 
Chlorophyll-a 
Average 
Conductivity
Average 
pH
Average 
Ammonia
Average 
Fecal 
coliform
Average 
Enterococci
Basin Size 
KM2
.468* -.564*
120 
Residential 
Medium 
Density
.597** .503* -.442*
130 
Residential 
High 
Density
-.511* -.556* -.535*
140 
Commercial 
and 
Services
.689** .498** .552**
150 
Industrial .606
**
165 
Reclaimed 
Land
-.643*
210 
Cropland 
and 
Pastureland
.270* -.266* -.248* .733* -.299*
220          
Tree Crops -.346
*
240 
Nurseries 
and 
Vineyards
.356* .439*
260        
Other Open 
Lands 
(Rural)
-.319*
320       
Shrub and 
Brushland
-.477* -.519**
410      
Upland 
Coniferous 
Forests
-.584* -.764** -.535*
411          
Pine 
Flatwoods
-.451** -.440** -.330* -.340* -.349* -.349*
520       
Lakes -.593
*
641 
Freshwater 
Marshes
-.311* -.288*
644 
Emergent 
Aquatic 
Vegetation
.280* .271* .288* .288*
830     
Utilities -.536
**
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Appendix I: Summary of results from the multiple linear regression determine statistically 
significant variables in the relationship between water quality, land-use, and basin size. 
Values of r2 close to 0 indicate that the model is weak, while values close to ±1 indicate a 
strong model. Statistical significance indicated at P = .05*, .01**, .001***. 
 
 
 
 
Model Average 
Temperature
Average DO
Average 
DO% 
Saturation
Average 
Conductivity
Average pH
Average 
Total 
Phosphorus
Average 
Total 
Nitrogen
Average 
Ammonia
Average 
Chlorophyll  a 
uncorr.
Average 
Fecal 
Coliform
Average 
Enterococci
R2 0.344 0.303 0.302 0.750 0.615 0.807 0.653 0.316 0.873 0.500 0.302
Basin Size 
KM2
5.975***
(1.005)
-75.061***
(18.668)
-100.640*
(32.530)
110 
Residential 
Low     
Density
.794**
(.276)
.039***
(.010)
140 
Commercial 
and    
Services
.358***
(.050)
.552***
(.144)
150     
Industrial
1273.814**
*
(250.337)
165 
Reclaimed 
Land
1.653*
(.756)
170 
Institutional
.184*
(.083)
2.030*
(.968)
.104**
(.031)
-.167**
(.052)
210    
Cropland    
and 
Pastureland
-.040*
(.015)
-.466*
(.174)
220           
Tree Crops
-.037***
(.009)
260       
Other Open 
Lands 
(Rural)
-.284***
(.069)
-.101*
(.048)
.078*
(.036)
-1.410***
(.300)
236.179*
(92.025)
320       
Shrub       
and 
Brushland
-45.780***
(7.216)
-.138***
(.029)
410    
Upland 
Coniferous 
Forests
-.041*
(.018)
434 
Hardwood 
Conifer     
Mixed
-.067***
(.019)
-.400***
(.088)
-.156***
(.037)
641 
Freshwater 
Marshes
22.210**
(7.395)
643            
Wet Prairies
-.133*
(.055)
.018*
(.006)
1.625*
(.658)
644 
Emergent 
Aquatic 
Vegetation
78.886***
(7.842)
